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Summary
The i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  c y c l i c  AMP c o n t r o l s  
th e  h io s ^ /n th e s is  o f  th e  m ic ro so m al cy tochrom e P~4^0 o f  
Saccharom yces c e r e v i s i a e . The c o n c e n tr a t io n  o f  c y c l ic  AMP 
i n  th e  c e l l  i s  i n  t u r n  r e l a t e d  i n v e r s e l y  t o  th e  e x t r a c e l l u l a r  
c o n c e n t r a t io n  o f  g lu c o s e .  When y e a s t  was grow n to  th e  
lo g a r i th m ic  p h ase  i n  medium c o n ta in in g  low c o n c e n tr a t io n s  
o f  g lu c o s e  and th e n  t r a n s f e r r e d  to  h ig h  g lu c o s e  medium, r a p i d  
b io s y n th e s i s  o f  cy tochrom e P -4^0  o c c u r r e d ,  e s s e n t i a l l y  u n d e r  
c o n d i t io n s  o f  g lu c o s e  r e p r e s s io n  o f  th e  m ito c h o n d r ia l  
cy to c h ro m e s .
The b io s y n th e s i s  o f  cy tochrom e P -4 5 0 was s tu d ie d  in. y e a s t  
p r o t o p l a s t s  t r a n s f e r r e d  to  h ig h  g lu c o s e  medium* T h is  p r o c e s s  
v/as i n h i b i t e d  by  a c tin o m y c in  D and c y c lo h e x im id e  and t h e r e f o r e  
r e q u i r e d  ^  novo p r o t e i n  s y n th e s is *  C y lic  AMP added t o  
p r o t o p l a s t s  su sp en d ed  i n  th e  h ig h  g lu c o s e  medium caused  p a r t i a l  
r e p r e s s io n  o f  cy toch rom e p -4 5 0  b i o s y n t h e s i s .  C o n v e rs e ly , 
a l l  p r e v io u s  r e p o r t s  o f  c y c l i c  AMP e f f e c t s  i n  m ic ro o rg an ism s 
have in v o lv e d  a  p o s i t i v e  e f f e c t  on enzyme b io s y n th e s i s  due 
t o  th e  l i f t i n g  o f  g lu c o s e  r e p r e s s io n *
The cy tochrom e P -4^0  p ro d u ced  by y e a s t  was fo u n d  t o  be  
c a p a b le  o f  m e ta b o l i s in g  b e n z o (a )p y re n e .  The m a jo r  m e t a b o l i t e s ,  
a s  i d e n t i f i e d  by h ig h - p r e s s u r e  l i q u i d  ch ro m â to g ra p h y , w ere 
3 -h y d ro x y b e n z o (a ) p y r e n e , 9 -h y d ro x y b e n z o ( à ) p y re n e  and
(ii)
7 , 8- d ih y d r o - 7 , S -d ih y d ro x y h e n z o (a )p y re n e . P r e t r e a tm e n t  o f  
th e  y e a s t  w ith  b e n z o (a )p y re n e  d u r in g  g ro w th  d e c re a s e d  th e  
M ic h a e lis  c o n s ta n t  (Km) o f  th e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  
f o r  b e n z o (a )p y re n e  com pared w ith  c o n t r o l  y e a s t ,  u s in g  e i t h e r  
NADPH o r  cumene h y d ro p e ro x id e  a s  th e  c o f a c t o r .  A s o l u b i l i s e d  
and a  s o l u b i l i s e d  and im m b b ilise d  cy tochrom e P-4-^0 p r e p a r a t i o n  
was c a p a b le  o f  b e n z o (a )p y re n e  h y d r o x y la t io n  u s in g  cumene 
h y d ro p e ro x id e  a s  th e  c o f a c t o r .
The i n t e r a c t i o n  o f  b e n z o (a )p y re n e  w ith  cy tochrom e 
was f u r t h e r  i n v e s t i g a t e d  by  means o f  an e q u i l ib r iu m  g e l  
f i l t r a t i o n  m ethod u s in g  benzo  (a ) p y re n e . T here  a p p e a re d
t o  be tw e n ty  b in d in g  s i t e s  f o r  b e n z 6 (a )p y re n e  i n  b o th  y e a s t  
and  r a t  l i v e r  m ic ro so m es.
B e n z o (a )p y re n e  was fo und  to  p roduce  a  m o d if ie d  ty p e  I  
s p e c t r a l  change w ith  y e a s t  and r a t  l i v e r  m io ro so m es. Type I I  
ch an g es w ere o b ta in e d  w ith  im id a z o le  and sodium  p h e n o b a fb i to n e .
S e v e ra l  d ru g - m e ta b o l i s in g  a s s a y s  o f  cy tochrom e P-450 
a c t i v i t y  w ere i n v e s t i g a t e d  b u t  none p ro v ed  t o  be  s a t i s f a c t o r y .
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CHAPTER 1
G e n e ra l I n t r o d u c t io n ,
■ • '", ' , \ ': ' A" ' ' %,r-' . - '.- .%>■ /.:;' '
(2 )' ' ' '
1 . G e n e ra l I n t r o d u c t io n
1 .1 ,  I n t r o d u c t io n
I t  i s  th e  p u rp o se  o f  t h i s  G e n e ra l I n t r o d u c t io n  to  re v ie w  
s e v e r a l  m a jo r a r e a s  o f  r e s e a r c h  to  w hich  th e  w ork d e s d r ih e d  
in  t h i s  t h e s i s  i s  r e l a t e d .  These a re a s  a r e  t h e  c o n t r o l  o f  
enzyme b io s y n th e s i s  by  means o f  c y c l ic  AMP and  s e v e r a l  a s p e c t s  
o f  th e  a c t io n  o f  cy tochrom e P -4 5 0 , n o ta b ly  t h e  m etab d lism  
o f  p o ly c y c l ic  a ro m a tic  h y d ro c a rb o n s  and some d ru g s . The 
m echanism  o f  th e  a c t i o n  o f  cy tochrom e P -450  w i l l  be d e s c r ib e d  
i n  r e l a t i o n  t o  t h i s  m e ta b o lism .
1 .2 .  C y c lic  AMP and Enzyme B io sy n th e s i s
A num ber o f  s t u d i e s  have  in d ic a te d  t h a t  c y c l i c  AMP p la y s  
a  m a jo r  r o l e  i n  th e  s y n th e s i s  o f  in d u c ib le  enzym es. The 
a d d i t i o n  o f  an  exogenous s o u rc e  o f  c y c l i c  AMP enhanced th e  
d i f f e r e n t i a l  r a t e  o f  B -g a la c to s id a s e  s y n th e s i s  i n  " 
E s c h e r ich i a  c o l i  (U llm an & Monodv I 9 6 8 ) b u t  d id  n o t  e f f e c t  
th e  d u r a t io n  o f  th e  l a g  p e r io d  b e fo re  th e  o n s e t  o f  enzyme 
s y n th e s i s  ( P a s ta n  & P e rlm a n , I 968  and De Orombugghe e t  a l .  
1969 ) '  I t  h a s  a l s o  b een  shown t h a t  g lu c o s e  r e p r e s s io n  o f  
many enzymes i n  B. c o l i  can  be d e c re a s e d  by  c y c l i c  AMP and 
t h i s  a p p l ie d  t o  p - g a la c to s id a s e  in  many b a c t e r i a l  s p e c ie s  
(De Crombugghe e t  a l ,  1969 and C a rp e n te r  & S e l l s ,  1973)>
C y c lic  AMP a p p e a rs  t o  s t im u la te  th e  t r a n s c r i p t i o n  o f 
m esse n g e r RNA from  th e  l a c  o p e ro n  ( J a c q u e t  & K epes, I 9 6 9 ,
( :)) ' ' ' ;  y;. . ' :  ^ ' y - ' - j
Varmus ^  a l ,  19 ?0 a  & b  and De Grombtigghe ^  â l ,  1971) ànd 
Chambers & Zübay ( I 9 6 9 ) o b se rv e d  a  m arked s t im u la t io n  by  
c y c l i c  AMP o f  th e  in  v i t r o  in d u ced  s y n th e s i s  o f p - g a la o t  os id  a s  e 
i n  a  c o u p le d  sy s tem  a b le  t o  t r a n s c r i b e  mRNA and ,to  s y n th e s i s e  
p r o t e i n .  The s i t e  o f  a c t i o n  o f  c y c l i c  AMP a p p e a re d  t o  be 
th e  p ro m o te r  o f  th e  o p e ro n  s in c e  p o in t  m u ta t io n  w i th in  t h i s  
r e g io n  o r  d e l e t i o n  o f  m ost o f  th e  p ro m o te r  m ark ed ly  re d u c e d  i
: - 5th e  s e n s i t i v i t y  t o  s t i m u l a t i o n  by  c y c l i c  AMP (P a s ta n  &: Perlm an^ : 
1 9 6 8 , P erlm an  e t  a l , I 969 and  S i lv e r s to n e  e t  a l .  1969 ) .  , ;
I n  c o n t r a s t  w ith  th e s e  c o n c lu s io n s  m u ta n ts  e f f e c t e d  i n  th e ' ;
o p e r a to r  and r e g u l a t o r  g en es  showed s i m i l a r  r e s p o n s e s  to  
th e  w i ld - ty p e  s t r a i n  (P a s ta n  & P e rlm an , I 9 6 8 , P erlm an &
P a s ta n ,  1968a ,  U llm an & Monod, I 968 and T y le r  & M agasan ik ,
1 9 6 9 ) .
1
R ic k e n b e rg  (1974) h a s  c la im e d  t h a t  c a t a b o l i t e  r e p r e s s io n  
o f  th e  p r o t e in s  coded  by  th e  l a c  o p e ro n  a s  v /e l l  a s  th e  r e v e r s a l  
o f  c a t a b o l i t e  r e p r e s s io n  by c y c l i c  AMP, oG curred  a t  th e  l e v e l  
o f  t r a n s l a t i o n .  D ah l e;t a i  ( I 97I )  and R aia irez  e t  a l  (1972) 
have  s u g g e s te d ,  how ever, t h a t  c y c l i c  AMP e x e r t s  i t s  e f f e c t  
p re d o m in a n tly  a t  th e  l e v e l  o f  t r a n s c r i p t i o n  and Chao & 
W eath e rsb ee  (1974) r e p o r t e d  t h a t  g lu c o s e ,  a -m e th y l g lu e d s id e ,
2-d e o x y g lu o ose and p y r id o x a l  5 *-p h o s p h a te . r e p r e s s e d  m a l to d e x t r in  
p h o sp h o ry la se  s y n th e s i s  i n  E . c o l i  and t d a t  t h i s  r e p r e s s io n  
was r e v e r s e d  by c y c l i c  AMP. H a g g erty  & S c h l e i f  (1975) r e p o r t e d  
t h a t  th e  a d d i t i o n  o f  g lu c o s e ,  b u t  n o t  g l y c e r o l ,  t o  E . c o l i  
lo w e re d  th e  i n i t i a t i o n  f re q u e n c y  o f  l a c  mRNA w i th in  I d s e c  
and i n t r a c e l l u l a r  c y c l i c  AMP c o n c e n t r a t io n s  re sp o n d e d
': ; '- ' ' /- - ' ' :^ (it) ' . . '. : ::y " '. :' \ '' % ' j
i d e n t i c a l l y .  I t  can  be c o n c lu d e d  t h e r e f o r e  t h a t  c y c l i c  AMP' . -.'. Y I
e x e r t s  i t s  a c t i o n  a t  th e  l e v e l  o f  t r a n s c r i p t i o n ,  t h i s  a c t i o n  f
i s  n o t  d i r e c t l y -  on DNA b u t  by means o f  th e  c y c l i c  AMP r e c e p t o r  ?
-  1p r o t e i n .
i
- ; , ■ i
C y c lic  AMP h a s  b een  shown t o  c o n t r o l  th e  b io s y n th e s i s  i
o f  a num ber o f  enzym es i n  y e a s t  and i t  h a s  a l s o  been  shown
■ ' ■ . it h a t  th e  i n t r a c e l l u l a r  c o n c e n tr a t io n s  o f  c y c l i c  AMP a re  i n
t u r n  c o n t r o l l e d  by  th e  c o n c e n t r a t io n  o f  g lu c o s e  i n  th e  medium.
Van W ijk & K o n ijn  (1971) have  d e m o n s tra te d  an  in c r e a s e  in  th e
i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  c y c l i c  AMP from  0.04pM t o  •
0.32uM d u r in g  th e  in d u c t io n  o f  a - g lu c o s id a s e  i n  y e a S t d u r in g  x
. ' ■ \ ■ - Jt r a n s f e r  from  2^ « g lu c o s e  t o  2ÿS-m altose p lu s  O .l^ rg lu o o s e  1
medium. M o n ten eco u rt e t  a l  (1973) have  shown t h a t  t h e  ?
' \ - - ' / . : ' ' ic o n c e n t r a t io n s  o f  c y c l i c  AMP c o r r e l a t e d  W ith  th e  s e n s i t i v i t y  |
o f  i n v e r t a s e  s y n th e s i s  to  g lu c o s e  r e p r e s s io n  and van  d e r  P l a a t  i
& van  S o l in g e r  (1974) r e p o r t e d  t h a t  t r e h a lo s e  s y n th e s i s  was
u n d e r  th e  c o n t r o l  q f  a  sy s tem  r e g u la te d  by c y c l i c  AMP d u r in g  
th e  l a g  p h ase  o f  g ro w th  i n  B a k e r 's  y e a s t .  An in c r e a s e  in  
th e  i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  c y c l i c  AMP was fo l lo w e d
by  a  6 t o  8- f o l d  i n c r e a s e  i n  t r e h a lo s e  a c t i v i t y .  1
■i
;I
S c h la n d e r e r  <& D ellw eg  (1974) o b se rv ed  an  in v e r s e
ip r o p o r t i o n a l i t y  b e tw een  g lu c o s e  c o n c e n t r a t io n  and i n t r a c e l l u l a r  ]
c y c l i c  AMP i n  S c h izo sac ch a ro m y c es  oombe. W atson & B e rry  1 ^ . .  ..(1977) and H a r t ig  & B re i te n b a c h  (1977)e  i n  e x p e r im e n ts  i n
w h ich  c y c l i c  AMP was m easu red  d u r in g  th e  c e l l  c y c le  o f
: (fi). . . : '":' :
sacch aro m y ces  c e r e v i s i a e . fo u n d  an  in c r e a s e  i n  c y c l i c  AMP 
c o n c e n t r a t io n  d u r in g  t h e .in d u c t io n  o f  s p o r u l a t i o n ^ and a  d e c re a s e  
b e fo r e  DNA s y n th e s i s  and m i t o s i s ,  i n d i c a t i n g  t h a t  c y c l i c  ÀMP 
may p la y  an  im p o r ta n t  r o l e  i n  th e  c o n t r o l  o f  c e l l  d i y i s i o m  
I t  h a s  a l s o  b e e n  shown t h a t  d u r in g  th e  g ro w th  o f  8 . c e r e v i s i a e  
th e  i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  c y c l i c  AMP i s  2 t o  3%time8 
g r e a t e r  i n  O .l^ - g lu c o s e  th a n  i n  205îS-giucose médium (Lim , 1 9 7 6 ) . 
Sy & R ic h te r  (1972) have  shown t h a t  g lu c o s e  i n h i b i t s  a d e n y l  
c y c la s e  and t h i s  o b se rv a tio n " m a y  in d i c a t e  a  p o s s ib le  m echanism  
by w h ich  g lu c o s e  can  in f lu e n c e  th e  i n t r a c e l l u l a r  c o n c e n t r a t io n  
o f  c y c l i c  AÎ/1P*
1.3. .temaam:.S.Yl .QsbTO^^
S e v e ra l  re v ie w s  o f  th e  mammalian m ix e d -fUnet i o n  o x id a s e  
sy s te m , o f  w hich  cy toch rom e P -450  i s  a  p a r t ,  h ave  b een  
p u b l is h e d  (Lu jet 1976 f o r  e x a m p le ) , -The m e ta b o lis m ,o f  
f o r e i g n  com pom ds by  mammalian t i s s u e s  was f i r s t  d e sc rib e d ; 
by  M u e lle r  & M i l l e r  (1948 & 1953)* A x e lro d  (1955 & 1956) 
and B ro d ie  e t  a l  (1 9 5 5 )- They e s t a b l i s h e d  t h a t  th e  enzyme 
sy s tem  was l o c a l i s e d  i n  l i v e r  m icrOsomes and t h a t  t h é  r e a c t i o n  
r e q u i r e d  b o th  NADPH and m d ie c u la r  oxygen# A f e a t u r e  o f  t h i s  
sy s te m  was t h a t  i t s  a c t io n  to w a rd s  d ru g s  and f o r e i g h  compounds 
was enhanced  by  5ji v iv o  p r e t r e a tm e n t  o f  a n im a ls  w ith  à  v a r i é ty  
o f  compounds (Conney e t  a l ,  1956; & 1 957a ,Remmér, 1958 - and 
Remmer & A ls le b e n ,  1 9 5 8 ) .
The l i v e r  m ic ro so m al m ix e d - fu n c t io n  o x id a s e  sy stem  
c a t a l y s e s  th e  f o l lo w in g  g e n e r a l  r e a c t i o n :
(6 )  " "■ ': \  ' : -
RH +  NADPH +  H'^+ Og ------ ^  ROH +  NADP'* + HgO
w here RH i s  th e  s u b s t r a t e  and ROH th e  p ro d u c t  o f  th e  r e a c t i o n .  
A lth o u g h  ÏÎADH may r e p la c e  NADPH a s  th e  e l e c t r o n  d o n o r , th e  
r a t e  o f  th e  r e a c t i o n  i s  m ark e d ly  re d u c e d . Some s u b s t r a t e s  
a r e  n o rm al body c o n s t i t u e n t s  su c h  a s  s t e r o i d s ,  f a t t y  a c id s  
and b i l e  a c id s  b u t  th e  m a jo r i ty  a r e  f o r e i g n  compounds such  
a s  d r u g s ,  c a r c in o g e n s ,  i n s e c t i c i d e s  and h e r b i c id e s  (C onney, 
1967  and Kuntzm an, I 9 6 9 ) .  D epending  on th e  c h e m ic a l n a tu r e  
o f  th e  s u b s t r a t e ,  th e  r e a c t i o n  may be th e  o x id a t ib n  o f  an  
a l i p h a t i c  s id e  c h a in ,  th e  h y d r o x y la t io n  o f  an  a ro m a tic  r i n g ,  
th e  d e a l k y l a t i o n  o f  a  se c o n d a ry  o r  t e r t i a r y  am in e , o r  a  
d e a m in a tio n  o r  d e h a lo g e n a t io n  r e  a c t  io n  « In. a l l  o f  t h e s e  
r e a c t i o n s ,  th e  i n i t i a l  s t e p  can  be v i s u a l i s e d  a s  an  
h y d r o x y la t io n  r e a c t i o n  ( G i l l e t t e ,  1966 ),.
I t  i s  w e l l - e s t a b l i s h e d  t h a t  th e  m ic ro so m al m ix e d - fu n c t io n  
o x id a s e  sy stem  c o n s i s t s  o f  a t  l e a s t  two p r o t e i n  com ponen ts, 
a  h a e m o p ro te in  c a l l e d  cy tochrom e P -450 (EC 1 .1 4 .1 4 .1 .)  and 
a  f l a v o p r o t e i n  c a l l e d  NADPH-cytochrome c r e d u c ta s e  o r  NADPH-  
cy toch rom e P -450  r e d u c ta s e  (EC 1 .6 * 2 ,4 )  ( G i l l e t t e  e t  a l .  1972) 
Cytochrom e P -450 i s  th e  s u b s t r a t e -  and o x y g e n -b ir id in g  s i te :  
o f  th e  h y d r o x y la t io n  sy s tem  (Omura e t  a l « 1 9 6 5 .  im a i & S a to ,  
1966  and Schenkman ^  1 9 6 7 ) w h ile  th e  r e d u c ta s e  s e r v e s
a s  an  e l e c t r o n  c a i ' r i e r  s h u t t l i n g  e l e c t r o n s  b e tw een  NADPH 
and cy tochrom e P -450  (G igon e t  a l p 1969 le
'.. r -  . - ' ' - : / '  (
The h a e m o p ro te in , cy tochrom e P -4 5 0 , was d i s c o v é ré d  i n  
th e  l i v e r  m ic ro so m al f r a c t i o n  by  K 1 ingenberg  (1958) and b ÿ r 
G a r f in k e l  (1958) and i s  s o - c a l l e d  a s  a  r e s u l t  o f  i t s  p r o p e r ty  
t o  e x h i b i t  an  a b s o r p t io n  maximum a t  450rm when th e  re d u c e d  i  
form  i s  com plexed w ith  c a rb o n  m onoxide (Omura <& S à to /^  1964) 
and t h i s  p r o p e r ty  fo rm s th e  b a s i s  o f  th e  s p e c t r p p h o to m e tr ib  
m ethod f o r  i t s  d e te r m in a t io n  (Omura e t  a l ,  I 9 6 5 ) /
Conney ^  a l  (195% ) showed t h a t  th e  m ic ro s  omal b x id a t lv e  
d é m é th y la tio n  o f  3 -m eth y lam in o azo b en zen e  was i n h i b i t e d  by 
c a rb o n  m onoxide and O rren iU s ^  ^  (1964) su b s e q u e n tly ^  : 1
d e m o n s tra te d  t h a t  th e  o x id a t iv e  m etabolism ^ o f  o th e r -  s u b s t r a t e s  î
by  l i v e r  m iorosom es was a ls o :  i n h i b i t e d  by  COv â lth è i lg h  f th e  î
. . . . .  '  ,  '  '  '  jm echanism  o f  CO i n h i b i t i o n  was n o t  im ow n, t h e s e  results /  Î
s u g g e s te d  th e  in v o lv e m e n t o f  a  h a e m o p ro te in  i n  h y d ro x y ls t t io n  1
" ' ' ' Y - ' -i ' " - 3r e a c t i o n s  and th e  f i r s t  d i r e c t  e v id e n c e  e s t a b l i s h i n g  th e  1
in v o lv e m e n t o f  cy toch rom e P -450  i n  th e s e  r e a c t i o n s  Was |
o b ta in e d  b y  Cpbper e t  a l  (1 965 a)*  T hese  w o rk e rs  e s t a b l i s h e d  1
t h a t  th e  h y d r o x y la t io n  o f  a c e t a n i l i d e ,  th e  N -d e m e th y la tio n
o f  m bnoraethy lam inopyrine  and th e  O -d e m e th y la tio h  o f  O odelhe
by l i v e r  m iorosom es w ere i n h i b i t e d  by  CO a n d  t h a t  t h i s  1
'' . - ' - .. . / ' ' ' 3i n h i b i t i o n  c o u ld  be r e l i e v e d  by  m onochrom atic  l i g h t  a t  4 5 Onm, J
The r e s u l t a n t  p h o to c h e m ic a l a c t i o n  sp e c tru m  was i d e n t i c a l
t o  th e  s p e c t r o p h o to m e t r ic a l ly  d e te rm in e d  sp e c trtim  o f  th e  CO 4
d e r i v a t i v e  o f  th e  re d u c e d  m ic ro so m al C O -b ind ing  p ig m e n t, i
th u s  e s t a b l i s h i n g  cy tochrom e P -450  a s  th e  o x id a s e  o f  th e
l i v e r  m ic ro so m al h y d r o x y la t io n  sy s te m . j
( 8 )
The f l a v o p r o t e i n ,  NADPH-cytochrome c r e d u c t a s e ,  was f i r s t  
d e s c r ib e d  by H o reo k er (1950) and s u b s e q u e n t ly  s tu d ie d  by 
W illia m s  & Kamin ( I 9 6 2 ) ,  P h i l l i p s  & Langdon ( I 9 6 2 ) and Kamin 
e t  a l  (1 965 ) .  S e v e ra l  l i n e s  o f  e v id e n c e  s u g g e s te d  t h a t  th e  
enzyme was in v o lv e d  in  m ic ro so m al h y d r o x y la t io n .  F i r s t l y ,  
cy toch rom e c ,  an  a r t i f i c i a l  e l e c t r o n  a c c e p to r  f o r  t h i s  enzym e, 
i n h i b i t e d  th e  o v e r a l l  r e a c t i o n  f o r  h y d r o x y la t io n  ( G i l l e t t e  
,et ^ , 1 957 ) s e c o n d ly ,  b o th  th e  NADPH-cytochrome c r e d u c ta s e  
r e a c t i o n  and th e  o v e r a l l  h y d r o x y la t io n  r e a c t i o n  were 
c o m p e t i t iv e ly  i n h i b i t e d  by  NADP^ ( O r r e n iu s , 1 9 6 5 )° T h i r d l y ,  
t h e  p r e t r e a tm e n t  o f  a n im a ls  w ith  in d u c e r s  su c h  a s  sodium  
p h e n o b a rb ito n e  r e s u l t e d  i n  a  p a r a l l e l  i n c r e a s e  i n  th e  l e v e l  
o f  th e  overall h y d ro x y l a t  i  on r e a c t i o n  and NAD PH-cytochrome c 
r e d u c ta s e  (O rre n iu s  o t  a l ,  I 9 6 5 )» F i n a l l y ,  a n tib o d y  p re p a re d  
a g a i n s t  NADPH-cytochrome c r e d u c ta s e  i n h i b i t e d  b o th  NADPH- 
cy toch rom e c r e d u c ta s e  and o v e r a l l  h y d r o x y la t io n  (M aste rs
^  a l ,  1 9 7 1 ) .  •
In  a d d i t i o n  t o  th e  NADPH-dependent, cy to ch ro m e  P -4 5 0 - 
c o n ta in in g  h y d r o x y la t io n  sy s te m , l i v e r  m iorosom es a l s o  c o n ta in  
an  NADH-dependent e l e c t r o n  t r a n s p o r t  sy s tem  w h ich  f u n c t io n s  
i n  f a t t y  a c id  d e s a t u r a t i o n  (M arsh & Jam es , I 9 6 2 , H ollow ay 
e t  a l ,  1963  and O shino  e t  a l ,  I 9 6 6 ) .  T h is  NADH-dependent 
sy s tem  c o n s i s t s  o f  a  f l a v o p r o t e i n  (NADH-cytochrome b^ 
r e d u c t a s e ) ,  a  h a e m o p ro te in  (cy toch rom e b^ ) and a  c y a n id e -
X ;s e n s i t i v e  f a c t o r  (S h im ak a ta  e t  a l ,  1972} . L ip id  h as  a l s o  
b e e n  shown t o  be e s s e n t i a l  i n  t h i s  sy s te m , b u t  th e  e x a c t
(9)
s i t e ( s )  a t  w h ich  l i p i d  i s  f u n c t io n in g  h as  n o t  b e e n  e s t a b l i s h e d  
(Jo n e s  & W ak il, I 9 6 7 , J o n e s  ^  a l ,  I 969 and  H o llo w ay , 1971)*
The com ponents o f  th e  NADPH- and NADH-dependent e l e c t r o n  
t r a n s p o r t  pathw ay a p p e a r  t o  i n t e r a c t  w ith  e a c h  o th e r  a t  
s e v e r a l  s i t e s  (F ig u re  1 .1 ) .  T hus, b o th  cy toch rom e P -450 
and cy tochrom e b^ c an  be re d u c e d  by  e i t h e r  NADPH o r  NADH 
(C ooper ^ t  a l , 1965b a n d  S a to  e t  a l ,  I 9 6 5 ) .  H i ld e b r a n d t  & 
S s ta b ro o k  (1971) have  s u g g e s te d  t h a t  th e  f i r s t  o f  th e  two 
e l e c t r o n s  r e q u i r e d  f o r  m ic ro so m al h y d r o x y la t io n  i s  d o n a te d  
by  NADPH th ro u g h  NADPH-cytochrome c r e d u c t a s e ,  w hereas th e  
seco n d  e l e c t r o n  i s  d e r iv e d  from  e i t h e r  NADPH o r  NADH v i a  
cy toch rom e b^.. C o r r e ia  & M annering  (1973) h av e  a l s o  c o n c lu d e d  
t h a t  cy tochrom e b^  i s  an  e l e c t r o n  t r a n s p o r t  c a r r i e r  in  th e  
NADPH-dependent m ix e d - fu n c t io n  o x id a s e  s y s te m «
H ow ever, th e  o b l ig a to r y  in v o lv e m e n t o f  cy toch rom e b^ 
i n  th e  NADPH-dependent h y d r o x y la t io n  r e a c t i o n  i s  v e ry  u n l i k e l y  
( G i l l e t t e  ^  a l ,  1972 , L ev in  e t  a l ,  1974 , Lu e t  a l ,  1974 and 
Sasam e e t  a l ,  1974) a l th o u g h  i t  h a s  b een  e s t a b l i s h e d  t h a t  
cy toch rom e b^ i s  an  o b l ig a to r y  com ponent i n  NADH-dependent 
h y d r o x y la t io n .  The com ponents o f  t h i s  sy s te m  a r e  NADH- 
cy toch rom e b^ r e d u c t a s e ,  cy toch rom e b ^ , l i p i d  and cy tochrom e 
P-4 5 0  (Sasame e t  a l ,  1973 and  W est e t  a l ,  1 9 7 4 ) .
The a c t i v i t y  o f  th e  l i v e r  m icrosom al h y d r o x y la t io n  enzyme 
sy s te m  i s  s t im u la te d  by th e  a d m in i s t r a t io n  o f  a  w ide v a r i e t y
(10)
o f  d r u g s ,  c a r c in o g e n s ,  i n s e c t i c i d e s  and o th e r  f o r e ig n  com pounds. 
T h is  enhanced  enzyme a c t i v i t y  r e p r e s e n t s  an  in c r e a s e  i n  th e  
c o n c e n t r a t io n  o f  th e  enzyme by novo p r o t e i n  s y n th e s i s  
s in c e  th e  in d u c t io n  p ro c e s s  can  be b lo c k e d  by  i n h i b i t o r s  
o f  p r o t e i n  s y n th e s i s  ( e .g .  e th io n in e  and pu rom ycin ) and n u c le ic  
a c id  s y n th e s i s  ( e .g .  a c t in o m y c in  D) (C onney, I 9 6 7 ) .  The 
m arked e f f e c t  o f  in d u c e r s  on th e  s y n th e s i s  o f  m icro som al 
p r o t e i n  i n  v iv o  i s  a l s o  p a r a l l e l e d  by in c r e a s e d  in  v i t r o toi n c o r p o r a t io n  o f  am ino a c id s  i n to  m ic ro som al p r o t e i n  (K ato  
^  a l ,  1 966 ) .  .R e c e n tly ,  F e rn an d e z  e/t a l^* ( I 9 7 8 ) have shown 
t h a t  th e  in d u c t io n  o f  cy toch rom e P-450 by  2 - d ie th y la m in q e th y 1- 
2 ,2 - d ip h e n y lv a l e r a t e  h y d ro c h lo r id e  (SKP 525A) was by an 
in c r e a s e  in  p r o t e i n  s y n th e s i s  and a  d e c re a s e  i n  p r o t e i n  
d e g ra d a tio n ..
One o f  th e  m ost w id e ly  s tu d ie d  in d u c e r s  o f  t h i s  enzyme 
sy s tem  i s  th e  b a r b i t u r a t e ,  sodium  p h e n o b a rb i to n e . The c h ro n ic  
a d m in i s t r a t io n  o f  t h i s  compound to  a n im a ls  h a s  b een  shov/n 
t o  r e s u l t  in  an  i n c r e a s e  i n  th e  c o n c e n t r a t io n s  o f  m ic ro so m al 
cy toch rom e P -4 5 0 , NADPH-cytochrome c r e d u c ta s e  and phospho­
l i p i d s ,  and an  a c c e l e r a t i o n  in  th e  r a t e  o f  m e ta b o lism  o f 
many compounds i n  v i t r o  ( E r n s te r  & O r r e n iu s ,  1 9 6 5 ) .  T here  
a r e  many o th e r  in d u c e r s  o f  th e  l i v e r  m ic ro so m al h y d r o x y la t io n  
s y s te m , th e  e x te n t  o f  in d u c t io n  i s  d e p e n d e n t n o t  o n ly  on 
th e  in d u c e r  u sed  b u t  a l s o  on th e  s u b s t r a t e s  s t u d i e d .  The 
r a t e  o f  m e tab o lism  o f  many s u b s t r a t e s  ( e .g .  a m in o p y r in e , 
b e n z p h e ta m in e , sodium  h e x o b a rb i to n e  and e th y lm o rp h in e ) i s
(11)
i n c r e a s e d  by sodium  p h e n o b a r b i to n e - p r e t r e a tm e n t ,  b u t  unchanged  
o r  even  d e c re a s e d  by compounds su ch  a s  p o ly c y c l i c  a ro m a tic  
h y d ro c a rb o n s  ( e .g .  b e n z o (a )p y re n e  and 3-m e th y lc h o la n th r e n e ) .
The m e tab o lism  o f  some o th e r  compounds ( e .g .  b e n z o (a )p y re n e  
and a c e t a n i l i d e )  may be enhanced  by b o th  ty p e s  o f  in d u c e r  
(Conney ^  a l ,  i 9 6 0 . L ev in  ^  a l ,  I 969 and U l l r i c h ,  I 9 6 9 ) .
B ased on th e  s p e c i f i c i t y  o f  in d u c t io n ,  a l l  in d u c e r s  h ave  
b een  g e n e r a l l y  d iv id e d  i n t o  two d i s t i n c t  c a t e g o r i e s .  The 
f i r s t  ty p e  o f  in d u c e r ,  e x e m p lif ie d  by sodium  p h e n o b a r b i to n e , 
i s  c h a r a c t e r i s e d  by  i t s  a b i l i t y  t o  s t im u la te  th e  m e tab o lism  
o f  a  l a r g e  ra n g e  o f  s u b s t r a t e s  by  th e  in d u c t io n  o f  cy toch rom e 
P-4 5 0 o I n  c o n t r a s t ,  th e  se co n d  ty p e  o f  in d u c e r ,  e x e m p lif ie d  
by  p o ly c y c l i c  a ro m a tic  h y d ro c a rb o n s  su ch  a s  3 -m e th y lc h o la n -  
t h r e n e ,  s t im u la te  th e  m e tab o lism  o f  o n ly  a  l i m i t e d  num ber 
o f  compounds by a  form  o f  th e  enzyme d e s ig n a te d  cy tochrom e 
P -4 4 8 . T h is  d i f f e r e n c e  i n  in d u c t io n  s p e c i f i c i t y  h a s  l e d  
t o  th e  c o n c lu s io n  t h a t  sodium  p h e n o b a rb ito n e  and 3 -m e th y l-  
c h o la n th re n e  ( o r  b e n z o (a ) p y r e n e ) evoke t h e i r  s t im u la to r y  
e f f e c t s  th ro u g h  d i f f e r e n t  in d u c t io n  m echanism s (C onney, 1 9 6 7 )• 
F u r th e rm o re , when sodium  p h e n o b a rb ito n e  and 3 -m e th y lc h o la n -  
t h r e n e ,  each  i n  a  dose  known t o  g iv e  a  m axim al in d u c t iv e  
e f f e c t ,  a re  a d m in is te r e d  t o  r a t s  s im u lta n e o u s ly ,  m ic ro so m al 
m ix e d - fu n c t io n  o x id a s e  a c t i v i t y  i s  in c r e a s e d  t o  a l e v e l  g r e a t e r  
th a n  t h a t  o b se rv e d  i n  r a t s  t r e a t e d  w ith  th e s e  compounds a lo n e  
( G i l l e t t e , ^ 96 3 )* T hese  o b s e r v a t io n s  a r e  c o n s i s t e n t  w ith  
th e  id e a  t h a t  sodium  p h e n o b a rb ito n e  and 3 -m e th y lc h o la n th re n e
(12)
in d u c e  d i f f e r e n t  h y d r o x y la t io n  enzyme sy s te m s  th ro u g h  d i f f e r e n t  
m echan ism s.
Much e v id e n c e  h a s  a cc u m u la te d  in  s u p p o r t  o f  th e  id e a  
t h a t  t h e r e  a r e  s e v e r a l  fo rm s o f  cy tochrom e P -4 ^ 0  in  l i v e r  
m ic ro so raes . M ost o f  t h i s  e v id e n c e  i s  d e r iv e d  from  s t u d i e s  
u s in g  m icrosom es p re p a re d  from  sodium  p h e n o h a rh i to n e -  and 
3 - m e th y lc h o la n th r e n e - p r e t r e a te d  r a t s .  The in c r e a s e  i n  
b e n z o (a )p y re n e  h y d ro x y la s e  a c t i v i t y  i n  r a t s  a f t e r  3-m e th y l-  
c h o la n th r e n e - p r e t r e a tm e n t  i s  r e l a t e d  t o  th e  fo r m a t io n  o f  
a  new h a e m o p ro te in  c a l l e d  cy toch rom e (A lv a res  ej:^
1 9 6 7 ) ,  Changes i n  th e  s u b s t r a t e  s p e c i f i c i t y  o f  m icrosom es 
and i n  th e  s p e c t r a l  p r o p e r t i e s  o f  cy tochrom e P -450  f o l lo w in g
3-m e th y lc h o la n th re n e ~ p x 'e tre a tm e n t  have b een  i n t e r p r e t e d  a s  
i n d i c a t i n g  t h a t  cy toch rom e p -4 4 8  i s  a  new and d i f f e r e n t  
h a e m o p ro te in  from  cy tochrom e P -4 ^ 0 , p ro d u ced  i n  u n t r e a te d  
and  sod ium  p h e n o b a rb i to n e -* p re tre a te d  r a t s  (S la d e k  & M annering  ; 
1 9 6 6 , A lv a re s  e t  eJ., I 9 6 8 , Kuntzman e t  a l ,  I 9 6 8 . Kuntzman 
e t  a l . 1 9 6 9 , M annering  ^  a l ,  I 969  and  M an n e rin g , 1 9 7 1 ) ,
O th e r  w o rk e rs  have  p ro p o se d  t h a t  th e  s p e c t r a l  p r o p e r t i e s  
o f  cy toch rom e P -448  m ig h t r e s u l t  from  th e  b in d in g  o f  th e  
h y d ro c a rb o n  in d u c e r  o r  i t s  m e ta b o l i te s  t o  t h e  n a t i v e  cy to ch ro m e  
P-A5 0 , r a t h e r  th a n  from  th e  fo rm a t io n  o f  a  new h a e m o p ro te in  
(H ild e b ra n d t  & E s tb r o o k , I 969  and Schenkman ^  a l ,  I 9 6 9 ) ,  
b u t  t h e r e  i s  c o n s id e r a b le  e v id e n c e  w h ich  s u p p o r t s  th e  v iew  
t h a t  cy toch rom e P-^^O and P-l}48 a re  tvm d i f f e r e n t  e n t i t l e s  
and n o t  th e  same enzyme i n  two i n t e r c o n v e r t i b l e  fo rm s
(13)
(G n o s s p e liu s  e t  a l ,  19& 9/70, Kuntzman ^  a l ,  I 9 6 9 , M annering  
e t  a l , 1 9 6 9 , A lv a re s  e t  a l , 1970 , A lv a re s  ^  I 97I ,
M an n erin g , 1971 , G ie le n  e t  a l , . 1972 , Thomas ^  a l ,  1972 ,
F u j i t a  e;t a l ,  1 9 7 3 , l u  e t  a l ,  1973b , S t e r n  e t  a lÿ  I 9 7 3 , Lu 
e t  a l ,  1 9 7 3 a , Conney e t  a l ,  1 9 7 3 , Lu ^  a l ,  I 96 I ,  Lu e t  a l .
1972  and L ev in  e t  a l ,  1 9 7 4 ) .
More r e c e n t  e v id e n c e  h a s  shov/n t h a t  t h e r e  may be more 
th a n  tw o fo rm s o f  cy toch rom e P -450  in  l i v e r  m icrosom es*
F o r  ex am p le . M ailm an e t  a l  (1977) have shown t h a t  i n  mouse 
l i v e r  m icrosom es a  t o t a l  o f  se v e n  cy to ch ro m es w ould be 
n e c e s s a r y  t o  e x p la in  r e s u l t s  o b ta in e d  u s in g  d e n s i ty  
s u b f r a c t i o n a t i o n  and s p e c t r a l  b e h a v io u r  t o  m ea su re  t h e  r e s p o n s e  
t o  sodium  p h e n o b a rb ito n e  and 3 -m e th y lo h o la n th re n e   ^ U sing  
im m unochem ical m ethods Thomas e t  a l  (1976a & b ) have 
p r e s e n te d  e v id e n c e  f o r  th e  e x is te n c e  o f  s i x  d i f f e r e n t  
c y to ch ro m es  P ~450  i n  th e  en d o p la sm ic  r e t i c u lu r a  o f  r a t  l i v e r ,  
a l th o u g h  th e s e  im m unochem ical d i f f e r e n c e s  may be  due. t o  t h e  
p re s e n c e  o f  d i f f e r e n t  s u g a r  m o ie t ie s  i n  th e  cy toch rom e P -4 5 0  
g ly c o p r o t e in .  U sing  g e l  e l e c t r o p h o r e s i s .  B e l l  & Hodgson 
(1 9 7 7 ) have  d e m o n s tra te d  th e  e x is te n c e  o f  f o u r  cy tochrom e 
P-4 5 0  p o ly p e p t id e s  i n  mouse l i v e r  m icro so m al p r e p a r a t i o n s ,  
one in c r e a s e d  w i th  3 -m e th y lc h o la n th re n e  a d m i n i s t r a t i o n ,  tw o 
in c r e a s e d  w i th  sodium  p h e n o b a rb ito n e  and th e  f o u r th ,  d e c re a s e d  
f o l lo w in g  t r e a tm e n t  w i th  e i t h e r  o f  th e s e  in d u c in g  a g e n ts .
T h is  ty p e  o f  g e l  e l e c t r o p h o r e s i s  w i l l  n o t  s e p a r a t e  com ponent 
p o ly p e p t id e s  o f  a  s i m i l a r  m o le c u la r  w e ig h t and  so  a  g r e a t e r
UA) ^
num ber o f  d i f f e r e n t  cy to ch ro m es th a n  f o u r  i s  p o s s ib l e .
A n ion -exchange  c h ro m a to g rap h y  o f  d e t e r g e n t - s o l u b i l i s e d  
cy toch rom e P-450 from  th e  l i v e r s  o f  u n t r e a te d  r a t s  y i e ld e d  
f o u r  f r a c t i o n s  w ith  70 t o  80^ r e c o v e r y ,  e ach  o f  th e s e  f r a c t i o n s  
was f u r t h e r  r e s o lv e d  by e le c t r o f o c u s s i n g  i n t o  num erous p r o t e i n s , 
more th a n  e ig h t  o f  w h ich  c o n ta in e d  haem (W arner e t  a l ,  1 9 7 8 ) .
A num ber o f  cy to ch ro m es P -450  have b een  p u r i f i e d  t o  
a p p a re n t  hom o g en e ity  (G u e n g e ric h , 1 9 7 8 a ). One f r a c t i o n  f ^  
th e  l i v e r  m icrosom es o f  3 - m e th y lc h o la n th r e n e - p r e t r ë a te d  r a t s  
and  two f r a c t i o n s  from  sodium  p h e n o b a r b i to n e - p r e t r e a te d  r a t s  
have b e e n  p u r i f i e d  t o  hom o g en e ity  a s  judged  by  f i v e  d i f f e r e n t  
c r i t e r i a .  T hese  hom ogeneous cytochrome P-450 proteins were 
d i s t in g u i s h e d  by  d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i i i t i e s ^  am ino 
a c id  c o m p o s i t io n s , NHg- and H O O C-term inal sunino a c id  seq-uences 
and im m unochem ical c h a r a c t e r i s t i c s , a l th o u g h  t h e r e  was some 
e v id e n c e  t h a t  t h e y  w ere, in rn iunochem ieally  r e l a t e d .  E n zy m i#  
h y d r o ly s i s  fo llo w e d  by  p e p t id e  m apping i n  p o ly a c ry la m id e  g e l  
c o n firm e d  t h a t  t h e s e  t h r e e  p r o t e i n s  a r e  d i s t i n c t y (G u e n g e ric h , 
1 9 7 8 b ).
H aving  d e s c r ib e d  th e  v a r io u s  com ponents o f  th e  m ic ro so m al 
m ix e d - fu n c t io n  o x id a s e  sy s te m  i t  i s  now tim e  to  r e l a t e  th e s e  
com ponents t o  th e  m echanism  o f  th e  a c t i o n  o f  t h i s  sy s te m .
As shown i n  F ig u re  1 .1  th e  f u n c t io n  o f  cy toch rom e P-450 i s  
o f  p rim e  im p o rta n c e  i n  t h i s  sy s tem  and th e  m echanism  niàÿ 
be  c o n v e n ie n t ly  d iv id e d  in to ,  s i x  s t a g e s .
( i )  th e  i n t e r a c t i o n  o f  th e  f e r r i c  h a e m o p rd te in
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w ith  th e  s u b s t r a t e ,
( i i )  th e  r e d u c t io n  o f  t h i s  com plex  by an  e l e c t r o n  
d o n a te d  by  th e  NADPH-cytochrome c r e d u c ta s e  f l a v o p r o t e i n ,
( i i i )  th e  i n t e r a c t i o n  o f  oxygen w i th  th e  
h a e m o p ro te in  t o  form  an  oxycytochrom e P -450  com plex t o  w hich  
th e  s u b s t r a t e  i s  s t i l l  t i g h t l y  bound ,
( iv )  th e  f u r t h e r  r e d u c t io n  o f  t h e  t e r n a r y  com plex 
o f  oxygen , s u b s t r a t e  and cy toch rom e P -450  b y  an  e l e c t r o n  
d o n a te d  from  NADPH-cytochrome c r e d u c ta s e  ot NADH-cytochrome
b^ r e d u c t a s e ,
(v ) th e  a c t i v a t i o n  o f  oxygen f o r  i n t e r a c t i o n  
w ith  th e  o rg a n ic  s u b s t r a t e  and  f i n a l l y
( v i )  th e  d i s s o c i a t i o n  o f  th e  p ro d u c t  w i th  
r e g e n e r a t io n  o f  th e  f e r r i c  h a e m o p ro te in ,
A c l o s e r  lo o k  a t  th e  b in d in g  o f  s u b s t r a t e  t o  th e  cy tochrom e 
P-450  i s  .perhaps w o rth w h ile  h e r e .  The te c h n iq u e  of, d i f f e r e n c e  
s p e c tro p h o to m e try  h a s  b een  u sed  w id e ly  f o r  m ore th a n  te n .  
y e a r s  t o  s tu d y  s p e c t r a l  ch an g es  w hich  r e p r e s e n t  th e  b in d in g  
o f  d ru g s  and o th e r  c h e m ic a ls  t o  l i v e r  m ic ro so m a l cy tochrom e 
P -450  (Reramer e t  a l , 1 9 6 6 . Im ai & S a to , ^1966 and Schenkman 
e t  a l ’Ü 1 967 ) .  T h ree  fu n d a m e n ta l ly  e m p i r ic a l  ty p e s  o f  s p e c t r a  
have  b e e n  w e l l  c h a r a c t e r i s e d  w i th  v a r io u s  d ru g s  and o th e r  
c h e m ic a ls  a l th o u g h  th e y  a re  p o o r ly  u n d e rs to o d . T hese 
s p e c t r a  a re s  " ty p e  I " ,  w i th  s p e c t r a l  maxima a t  383-390nm and 
m inim a a t  420nm? " ty p e  I I " ,  w i th  m inim a a t  390-4l0nm  and 
maxima a t  4 2 7 -4 3 Onm and " r e v e r s e  ty p e  I " ,  w h ich  i s  a lm o st 
e x a c t ly  th e  m ir r o r  image o f  th e  ty p e  I  s p e c tru m . T h is
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fp ^  -  NADPH-cytochrome c r e d u c ta s e  (EC 1 ,6 . 2 . 4 )  
f P 2 -  NADH-cytochrome r e d u c ta s e  (EC 1 .6 . 2 . 2 )  
fp ^  -  Amine O xidase  ( Z i e g l e r 's  enzyme,, EC 1 .1 4 < ,1 3 .8 )
F ig u re  1 .1 .  The E le c t r o n - T r a n s p o r t  R e a c t io n s  i n  M icrosom es 
(a d a p te d  from  Coon e t  1975» H ryoay ^  I 976  and
E s ta b r o o k , 1978)
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t e c h n iq u e ,  ho w ev er, r e v e a l s  n o th in g  i n  a b s o lu te  te rm s  a b o u t 
t h e  ch an g es  o c c u r r in g  a t  o r  n e a r  th e  enzyme a c t i v e  s i t e  when 
th e  s u b s t r a t e  i n t e r a c t s  w i th  th e  cy to ch ro m e .
The ty p e  I  s p e c t r a l  change i s  th o u g h t  t o  be  due t o  th e  
b in d in g  o f  a  s u b s t r a t e  t o  th e  a p o p r o te in  o f  cy toch rom e P -450  
and i s  c au sed  by  an  in c r e a s e  i n  th e  e l e c t r o n e g a t i v i t y  o f  
one l ig a n d  o f  th e  haem. Schenlcman & S a to  ( I 9 6 8 ) s u g e s te d  
t h a t  t h e r e  may be two fo rm s o f  cy tochrom e P ~ 450 , one 
u n r e a c te d  enzyme and a n o th e r  w hich  i s  bound t o  an  endogenous 
ty p e  I  s u b s t r a t e . Tem ple (1971) s u g g e s te d  t h a t  th e  ty p e  I  
i n t e r a c t i o n  r e s u l t e d  by  th e  re p la c e m e n t o f  t h i s  endogenous 
s u b s t r a t e  by a more s t r o n g l y  bound exogenous s u b s t r a t e .  The 
ty p e  I I  s p e c t r a l  change i s  a s s o c ia t e d  v /ith  fe rr ih ae m o ch ro m è  
f o r m a t io n  in v o lv in g  e l e c t r o n  t r a n s f e r  b e tw een  t h e  s i x t h  l ig a n d  
o f  th e  haem i r o n  and th e  n i t r o g e n  o f th e  added  compound 
(Schenkm an e t  a l .  I 9 6 7 ) .
I t  h a s  b een  known f o r  some tim e  t h a t  th e  i n  v i t r o  i n t e r a c t i o n  
o f  a  ty p e  I  s u b s t r a t e  w i th  o x id is e d  cy toch rom e P -450  i r o n  
i s  a s s o c i a t e d  w ith  a  c o n v e r s io n  o f  th e  i r o n  fro m  th e  lo w - 
s p in  t o  th e  h i g h - s p in  s t a t e  and t h a t  th e  in  v i t r o  i n t e r a c t i o n  
o f  a  ty p e  I I  compound w i th  th e  o x id is e d  cy to ch ro m e  P -450  
r e f l e c t s  a  c o n v e r s io n  o f  h ig h - s p in  t o  lo w - s p in  i r o n  (G eorge 
e t  a l ,  1 9 6 1 , H i ld e b r a n d t  e t  a l ,  I 9 6 8 , M ita n i  & H o r ie ,  I 9 6 9 , 
W hysner e t  a l ,  1 9 7 0 , J e f c o a t e  & G a y lo r , 1970 , P e te r s o n  e t  a l . 
1 9 7 1 , Cheng & H a rd in g , 1973» W aterman e t  1973» H e b e rt &
Kon, 1973  and H e b e r t  e t  a l ,  1973^)* R ecen t w ork  i n  H e b e r t 's
'  ' :  /  ' :'  ^ /  ' ' ( 18 ) ' ' . \
l a b o r a to r y  (Kumakl e t  a l ,  1978) b a s  shown t h a t  th e  p r e t r e a tm e n t  
o f  s e v e r a l  s p e c ie s  o f  mammals w ith  sodium  p h e n o b a rb ito n e  
and 3 ~ ra e th y le h o la n th re n e  p ro d u ced  c o n s i s t e n t  d e te c t a b i e  
c h an g es i n  th e  s p in  s t a t e  o f  th e  cy tochrom e P -450  i r o n  i n  v iv o . 
S im ple  l i q u i d s  o f  r e l a t i v e l y  "p u re "  ty p e  I ,  ty p e  I I  and 
r e v e r s e  ty p e  I  c h a r a c t e r  (c y c lo h e x a n e , n -o c ty la m in e  and 
n - b u ta n o l ,  r e s p e c t i v e l y )  p ro d u ced  d e t e c t a b l e  changes i n  t h e  
i n  v i t r o  s p in  s t a t e  o f  th e  cy tochrom e P-45Q i r o n .  They a l s o  
showed t h a t  th e  p re s e n c e  o r  a b sen ce  o f  a  s p e c t r a l  c h ^ g e  
depended  l a r g e l y  on th e  i n  v iv o  s p in  s t a t e  o f  th e  cy tochrom e 
P -450  i r o n  i n  f r e s h l y  p re p a re d  m icrosom es a t  th e  s t a r t  o f  
th e  e x p e r im e n t.
I n  t h e  cy tochrom e P -450 from  Pseudom onas p u t I d a  in d u ced
by g ro w in g  i n  th e  p re s e n c e  o f  D -( + ) - cam phor (Cytochrom e P-450_^,„) Icam
S l i g a r  (1 976 ) h a s  shown t h a t  i n  th e  p re s e n c e  o r  ab sen ce  o f  
s u b s t r a t e  t h e r e  was a  m ix tu re  o f  h ig h - s p in  an d  lo w -s p in  
haem i r o n  w hich  was te m p e ra tu re  s e n s i t i v e .  I n . r e l a t e d  s t u d i e s ,  . 
R e in  ^  a l  (1977) r e p o r t e d  th e  p re s e n c e  o f  a  s u b s t r a t e - in d u c e d  
h ig h - s p in / lo w - s p in  e q u i l ib r iu m  f o r  r a b b i t  l i v e r  m icrosom al 
cy toch rom e P-450 and t h a t  t h i s  e q u i l ib r iu m  was te m p e ra tu re  
d e p e n d e n t. At th e  same tim e  P ie r s o n  & C i n t i  ( I 9 77 ) found  
t h a t  th e  m ic ro so m al ty p e  I  and r e v e r s e  ty p e  I  s p e c t r a l  ch an g es  
c o u ld  be p ro d u ced  w ith o u t  th e  a d d i t i o n  o f  s u b s t r a t e  s im p ly  
by an  a l t e r a t i o n  i n  th e  te m p e r a tu r e ,  th e y  a l s o  showed t h a t
th e  s u b s t r a t e - in d u c e d  t y p e : I  and ty p e  XI s p e c t r a l  changes
■ ■ iw ere a f f e c t e d  by te m p e r a tu re .
More r e c e n t l y  C i n t i  e t  à l  (1979) d e m o n s tra te d  t h a t  : 
m ic ro so m al and s o l u b i l i s e d  cy tochrom e P-450 fro m  r a t  l i v e r  
e x i s t e d  a s  a  m ix tu re  o f  two s p e c t r a l  fo rm s w h ic h  were; 
i n t e r c o n v e r t i b l e  a s  th e  sam ple  te m p e ra tu re  w as v a r ie d .
I n t a c t  ^  m ic ro som al enzyme c o n s i s t e d  o f  a p p ro x im a te ly  e q u a l 
am oim ts o f  h ig h -  and  lo w ^ sp in  form s a t  20°C b u t  when l i p i d  
and endogenous s u b s t r a t e s  w ere rem oved by  s o l u b i l i s a t i o n  
and p u r i f i c a t i o n , th e  m o le c u le  was fo u n d  t o  be  i n  a  ;
p re d o m in a n tly  lo w -s p in  s t a t e .  R e in  and o t h e r  w o rk e rs  ( R is ta u  
â i»  1 978 ) e v a lu a te d  th e  e q u i l ib r iu m  c o n s t a n t s  and 
therm odynam ic p a ra m e te rs  d e s c r ib in g  th e  s p in  t r a n s i t i o n  and: 
th e  s u b s t r a t e  b in d in g  from  te m p é ra tu re  and s u b s t r a t e  
d i f f e r e n c e  s p e c t r a .  T hese  two i n t e r a c t i n g  e q u i l i b r i a ^  were. : 
th e n  p r e s e n te d  i n  te rm s  o f / a  therm odynam ic m o d e l, Whichx.:^ 
p ro v id e d  a  c l e a r  q u a n t i t a t i v e  d e s c r i p t i o n  o f  th e  p r o p e r t i e s  
o f  th e  cy tochrom e P - 4 5 0 - s u b s t r a te  sy s te m . From t h i s  m o d el, 
th e  c au se  o f  th e  s u b s t r a t e  d i f f e r e n c e  s p e c t r a  was e x p la in e d  
and th e  im p o rtan c e  o f  th e  s p in  s h i f t  i n  th e  p re s e n c e  o f /  : 
s u b s t r a t e  w ith  r e s p e c t  t o  th e  r e d u c t io n  r a t e  was d is c u s s e d .  
C i n t i  e t  a l  (1979) a l s o  u se d  t h e i r  d a ta  t o  d e r iv e  v a r io u s  
therm odynam ic p a ra m e te rs  f o r  th e  sy stem  and i n  a d d i t i o n / th e ÿ  
a l s o  c a l c u l a t e d  th e  p r e c i s e  a b s o lu te  e x t i n c t i o n  c o e f f i c i e n t s  
f o r  p u re  h ig h - s p in  and lo w -s p in  form s o f  cy to ch ro m e P -4 5 0 ,
As in d ic a te d  i n  F ig u re  1 .1  th e  mammalian m ix e d - fu n c t io n  
o x id a s e  sy s tem  i s  c a p a b le  o f  u s in g  c o f a c to r s  o th e r  th a n  NADPH. 
K a d la b u r e t  a l  (1973) fo u n d  t h a t  cy tochrom e P-AgO was a b le
(20)  :' \  :' ' V i
to  c a t a l y s e  th e  C ~ ox idat;lon  o f  s e v e r a l  am ine s u b s t r a t e s  when 
NADPH was r e p la c e d  by a v a r i e t y  o f  o rg a n ic  h y d ro p e ro x id e s v  
th e  maximum r a t e  was o b ta in e d  when cumene h y d ro p e ro x id e  ( I )  
was u s e d , oxygen was n o t  r e q u i r e d  f o r  th e  r e a c t i o n .
H3
( I )
H rycay  & O 'B r ie n  (1974) and H rycay & P rough  (1974) fo und  
t h a t  s e v e r a l  h y d ro p e ro x id e s , p ro g e s te ro n e  1 7 a - ,  p re g n e n o lo n e  
17a -  and cumene h y d ro p e ro x id e , w ere e f f e c t i v e  a s  s u b s t r a t e s  
i n  a  NADH-cytochrome b^ r e d u c ta s e  and cy toch rom e P-450 
d e p e n d e n t m ic ro so m al NADH-peroxidase a c t i v i t y .  R ah im tu la  & 
O 'B r ie n  (1974) showed t h a t  cumene h y d ro p e ro x id e  c o u ld  s u p p o r t  
th e  h y d r o x y la t io n  o f  a  num ber o f  a ro m a tic  compounds such  
a s  a n i l i n e ,  b e n z o ( a ) p y r e n e , coum arin  and b ip h e n y l  and 
R a h im tu la  e t  ad (1974) have r e p o r t e d  a  u n iq u e  s p e c t r a l  change 
when cumene h y d ro p e ro x id e  i s  added to  r a b b i t  l i v e r  m icrosom es 
T h is  sp e c tru m  s lo w ly  d is a p p e a re d  w ith  tim e  and was e x p la in e d ,  
a lo n g  w ith  a  num ber o f  o th e r  o b s e r v a t io n s ,  a s  b e in g  due t o  
th e  fo rm a t io n  o f  h ig h e r  v a le n c e  s t a t e s  o f  th e  haem i r o n  
( e .g .  Fe^^bg" from  F ig u re  1 .1  i s  e q u iv a le n t  t o  Fe^^p^*"). 
Cumene h y d ro p e ro x id e  w i l l  a l s o  s u p p o r t  th e  cy tochrom e P -4 5 0 - 
l in k e d  f a t t y  a c id  h y d r o x y la t io n  i n  l i v e r  m icrosom es ( E l l i n  & 
O r r e n iu s ,  1 9 7 5 ) , i n  th e s e  e x p e r im e n ts  t h e r e  a p p e a re d  t o  be
two h y d ro x y la s e  enzym es, an  do- and an  ( lo - l) -h y d ro x y la s e .
R a h im tu la  & O 'B r ie n  (1977) d e m o n s tra te d  t h a t  cumene h y d ro ­
p e ro x id e  would s u p p o r t  th e  o x id a t io n  o f  e th a n o l  t o  
a c e ta ld e h y d e  i n  th e  p re s e n c e  o f  c a t a l a s e ,  p u r i f i e d  cy tochrom e 
p-dj.50 o r  r a t  l i v e r  m ic ro so m es , o th e r  h a e m o p ro te in s  such  a s  
h o r s e r a d i s h  p e ro x id a s e ,  cy tochrom e c and h aem o g lo b in  w ere 
i n e f f e c t i v e ,  i n  a d d i t i o n  t o  e th a n o l  h ig h e r  a lc o h o ls  w ere . 
a l s o  o x id is e d .
I n  a d d i t i o n  t o  h y d ro p e ro x id e s ,  o th e r  compounds w h ich  
can  r e p l a c e  NADPH i n  th e  m ix ê d - fu n c t io n  o x id a s e  sy stem  have 
b e en  fo u n d . H rycay  ^  a l  (1975) found  t h a t  i n  th e  m icrosom al 
h y d r o x y la t io n  o f  a  num ber o f  s t e r o i d s ,  sodium  p e r io d a te  c o u ld  
r e p l a c e  NADPH w ith  an  in c r e a s e d  r e a c t i o n  r a t e .  Sodium c h l o r i t e  
c o u ld  a l s o  r e p l a c e  NADPH b u t  gave a  d e c re a s e d  r e a c t i o n  r a t e .  
L ic h te n b e rg e r  e t  a l  (1976) found  t h a t  i n  th e  p re s e n c e  o f  
io d o so b e n z e n e , l i v e r  m icrosom es c o u ld  c a t a ly s e  th e  O r d e e th y la t io n  
o f  7 -e th o x y co u m arin ; and s e v e r a l  io d o sy lb e n z e n e  d e r i v a t i v e s  
have  b e en  shown t o  be  oxygen d o n o rs  in  cy tochrom e P r4 5 0-  
c a t a ly s e d  s t e r o i d  h y d ro x y la t io n s  (G u s ta fs s o n  e t  1 9 7 9 ),
Iw a sa k i ^  a l  (1977) fo und  t h a t  re d u c e d  m e th y l v io lo g e n  c o u ld  
be u se d  a s  th e  e l e c t r o n  d o n o r i n  a  r e c o n s t i t u t e d  system  
c o n ta in in g  cy tochrom e P-450 and NADPH-cytochrome c r e d u c ta s e  
i n  th e  r e d u c t io n  o f  t ia r a m id e  N -o x id e , th e  r e d u c t io n  p ro ce ed e d  
a t  a  much h ig h e r  r a t e  i f  NADPH-cytochrome c r e d u c ta s e  was 
o m itte d  from  th e  sy s te m .
c. (22)
The cumene h y d ro p e ro x id e -s u p p o r te d  a ro m a tic  h y d r o x y la t io n  .-i 
r e a c t i o n  in  l i v e r  m icrosom es h a s  b een  com pared w ith  th e  
NADPH-dependent r é a c t i o n  (R a h im tu la  e t  a l .  1 9 7 8 ) . I t  was 1
fo u n d  t h a t  t h e s e  two r e a c t i o n s  had co m p arab le  *'NIH s h i f t s ! 
and  t h e r e f o r e  p ro ce ed e d  v i a  a  common i n t e r m e d i a t ë , an  a re n e  
o x id e . The NIH s h i f t  i s  an  im p o r ta n t  p a r t  o f  th e  m echanism  
o f  th e  h y d r o x y la t io n  r e a c t i o n  and was d is c o v e r e d  when a h  |
a s s a y  f o r  th e  enzyme p h e n y la la n in e  h y d r o x y la s e , b a sed  on 
th e  r e l e a s e  o f  t r i t i u m  from  (4- ^ h] p h e n y la la n in e  d u r in g  c o n v e r s io n  j
. - ' ■ , ' ' - , -it o  t y r o s i n e ,  showed t h a t  g r e a t e r  th a n  95^  o f  t h e  t r i t i u m  1• ' - i
m ig ra te d  and was r e t a i n e d  a t  th e  ^ - p o s i t i o n  o f  th e  t y r o s i n e , j
o n ly  5?^  was l o s t  t o  th e  medium (F ig u re  1»2) (G u ro ff  e t  a l ;  ;
1966 )* Such in t r a m o le c u la r  m ig r a t io n s  v /ith  c o n c o m ita n t j
r e t e n t i o n s  o f  a r y l  s u b s t i t u e n t s  d u r in g  h y d r o x y la t io n  by  t
m onooxygenases w ere te rm ed  th e  NIH s h i f t  (G u ro f f  e t  a l .  I 9 6 7 ) ,
■ ■ ' ' ' ' ' ' io v e r  a h u n d red  exam ples o f  t h i s  r e a c t i o n ,  c a t a l y s e d  by  p l a n t ,  i
' ^a n im a l and m ic r o b ia l  enzym es, have  b e en  o b s e rv e d  (D aly  e t  a l ,
1 972 ) .  As shown i n  F ig u re  1 . 3 1 k e to  ta u to m e rs  o f  p h e n o ls  !. . . . . . , ■ ;
a r e  key  in te r m e d ia te s  i n  th e  m echanism  o f  t h e  NIH s h i f t . I. - ' ! The m ig r a t io n  o f  th e  i s o to p e  o c c u rs  a t  s t e p  a  and  th e  r a t i o
o f  t r i t i a t e d  t o  u n t r i t i a t e d  p ro d u c t i s  d e te rm in e d  by  th e  !
■ ' 1 
i s o to p e  e f f e c t  i n  s t e p  b and th e  p a r t i c i p a t i o n  o f  a  m in o r
d i r e c t - l o s s  pathw ay i n  s t e p  c .
■ (23 ) : ': ‘ ■■■■ ■.. ' - '\\:y -
' .; '' Ii
NH,
NH
IHo-CH-GOOH
P h e n y la la n in e
H y d ro x y lase
GH^-CH-COOH
+ -^ HOH
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CHo“ CH«COOH
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F ig u re  1 .2 .  ■ The NIH S h i f t  i n  P h e n y la la n in e  H y d ro x y la se .
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F ig u re  1 .3 ,  The Key I n te r m e d ia te s  in  th e  M echanism o f  
th e  NIH S h i f t .
................... I
(25)
1 ,4 .  M ic rô b ia l  Cytochrom e
The m ic r o b ia l  cy tochrom e P-450  w h ich  h a s  b een  s tu d ie d  
i n  m ost d e t a i l  i s  th e  s o - c a l l e d  cy tochrom e P - 4 5 0 ^ ^ f f r o m  5 1
th e  b a c te r iu m  Pseudom onas c u t I d a  grown i n  th e  p re s e n c e  o f  : J
D «(+ )-cam phor. I t s  b i o l o g i c a l  r o l e  i s  th e  s e l e c t i v e  '!
h y d r o x y la t io n  o f  th e  5~ m ethy lene  c a rb o n  o f  D -(+ )-cam p h o r 
t o  form  th e  e x o - 5 - a lc o h o l ,  th e  f e r r o u s  cy toch rom e P ^ 4 5 0 - I 
fo rm s a  CO com plex w ith  a  S o r e t  band a t  446nm (Q4Kèeffe>':efe a l .  
1 9 7 8 ) .  The v a r io u s  re d o x  s t a t e s  o f  th e  b a c t e r i a l  cy toch rom e
p«450^g^ and o f  i t s  a s s o c i a t e d  e l e c t r o n  t r a n s p o r t  system v
p u tid a re d o x in p  h a s  b e en  i n v e s t i g a t e d  by s y s te m a t ic  low? 
te m p e ra tu re  s t u d i e s  in  f l u i d  s o lv e n ts  ( la h g e  e t  a l , 1977 ) 
and  th e  o x y - f e r r o u s  com plex h a s  b een  s t a b i l i s e d  and; i n v e s t i g a t e d  
i n  d e t a i l  ( E i s e n s te ih  ^ } a l r  1977)* . S i n g l e - e l e c t r o n  t r ^ s f e r s  
in v o lv e d  i n  th e  r e a c t i o n  m echanism  have a l s o  b een  s tu d ie d  
a t  low te m p e ra tu re s  (H O a^^  a d , 19? 8 ) and s p in  t r  ans i t  io n s
o f  th e  cam phor-bound cytoChrom e P - 4 5 0 havé  b e en  i n v e s t i g a t e d
(Lange & D ebey, 1979 and Lange 1979)*
I n  e u k a r y o t ic  m ic ro o rg a n ism s , cy tochrom e P -450  h as  b e ên
fo und  m o s tly  i n  c o n n e c tio n  w ith  s p e c i f i c  m e ta b o l ic  c a p a c i ty  
su c h  a s  a lk a lo i d  b io s y n th e s i s  o r  a r y l  h y d ro c a rb o n  h y d r o x y la t io n  
i n  f u n g i .  In  c e r t a i n  y e a s t s  i t  i s  a  com ponent o f  an  a lk a n e -  
in d u ce d  m o n o c ^ g e n a se  sy s te m  c a t a ly s in g  th e  f i r s t  s t e p  i n  
a lk a n e  m e ta b o lism .
T h ere  a re  t h r e e  cy tochrom e P - 4 5 0 -c o n tà in in g  sy stem s w ith  
d i f f e r e n t  p h y s io lo g ic a l  f u n c t io n s  i n  th e  f u n g i .  Cytochrom e 
P-4 5 0  h a s  b een  shown t o  be in v o lv e d  i n  t h e  p r o d u c t io n  o f  
a lk a l o i d s  by a  s t r a i n  o f  C la v ic e p s  pu r p u r e a . b o th  cv tochrbm e 
P-4 5 0  and  a lk a l o i d  s y n th e s i s  c o u ld  be in d u c e d  by  sodium  
p h e n o b a rb ito n e  and  3 -m e th y lo h o la n th re n e  (Ambike ë t a l V  1970 and 
Ambike & B a x te r ,  I 970 ) .  A m onooxygenase sy s te m  in  
C u n n in g h am ella  b a i n i e r i  h a s  b een  shown by  P e r r i s  e t  a l  (1973 
and 1 9 7 6 ) t o  re se m b le  th e  h e p a t ic  m ic ro so m al sy stem  in  t h a t  
i t  was a b le  t o  c a t a l y s e  th e  o x id a t iv e  N -d e m e th y la tio n  o f 
aminophenazi o n e , th e  0-d  erne th y  l a t  ion; o f  4 - n i t r  o a h is o le  and 
a n i s o l e ,  th e  r e d u c t io n  o f  n i t r o -  and azso-grcups a s  w e l l  a s  
th e  h y d r o x y la t io n  o f  a n i s o l e ,  a n i l i n e  and  n a p h th a le n e .  T h is  
enzyme was a l s o  i n h i b i t e d  by  CO, S P ' 5%5A and  m e ty rap o n e , 
was N;ADPH- and o x y g en -d ep en d en t and had  a  pH optimum o f  7*8* 
NADPH-cytochrome c r e d u c ta s e  was a l s o  shown t o  be an e s s e n t i a l  
p a r t  o f  t h i s  sy s te m . The t h i r d  fu n g a l  cytC chrom e P-450 was 
fo und  i n  R h izopus n i g r i c a n s  by B re sk v a r  & H u d h ik -P le v n ik  . 
(1 977 ) w here i t  was shown t o  be in v o lv e d  i n  th e  11a -  
h y d r o x y la t io n  o f  p r o g e s te r o n e , th e  r e a c t i o n  was i n h ib i t e d  
by  CO, i n h i b i t i o n  b e in g  r e v e r s e d  by i r r a d i a t i o n  w ith  l i g h t  
a t  450nm.
The te r m in a l  a lk a n e  d e g r a d a t io n  f o r  many m ic ro o rg an ism s 
and e s p e c i a l l y  y e a s t s  p ro c e e d s  by  th e  fo rm a t io n  o f  th e  p r im a ry  
a lc o h o l  fo llo w e d  by f u r t h e r  o x id a t io n  v i a  t h e  a ld e h y d e  to  
th e  f a t t y  a c id  (Nyns e t  a l ,  I 9 6 9 , K lug e t  a l ,  1971 , L iu  e t  a l
"A-:" .
1 9 7 1 , G a llo  e t  a l  1976 and Hammer & Liemann^ I 976 ) .  The 
in v o lv e m e n t o f  cy toch rom e P -450  a s  th e  t e r m in a l  o x id a se  o f  
th e  a lk a n e  m ohooxygehase sy s tem  h a s  b e e n  d e m o n s tra te d  f o r  
b a c t e r i a  (C a rd in i  & J u r t s c h u k ,  I 96B and I 9 7 0 ) and was f i r s t  
r e p o r t e d  f o r  y e a s t s  by  T u llo c h  e t  a l  ( I 9 6 2 ) an d  l a t e r  by 
H einz e t  al. ( I 97O) w here i t  was found  t h a t  i t  c a t a ly s e d  th e  
W -h y d ro x y la tio n  o f  f a t t y  a c id s  i n  T c p i l e p s i s  s p .  I n  C andida 
t r o n i c a i i s  grown on t e t r a d e c a n e , cy tochrom e P -450  h a s  b e en  
fo und  t o  ta k e  p a r t  i n  two d i f f e r e n t  r e a c t i o n s ^  th e  c o n v e rs io n  
o f  n - a lk a n e s  t o  p r im a ry  a lc o h o ls  and t h e  W -h y d ro x y la tio n  ; 
o f  f a t t y  a c id s  (G a llo  e t  a l ,  I 97I  and L e b e a u l t  e t  a l ,  I 97I ) . 
The co m p le te  C an d id a  sy s tem  c o n s i s t e d  o f  cy to ch ro m e 'P --4 5 0 , 
NADPH-cytociirome P -450  r e d u c ta s e  and a h e a t - l a b i l e  f r a c t i o n  
(D uppel ejt a l ,  1973) a s  d oes th e  mammalian sy s te m  (Lu & Coon, 
1 9 6 8 ) .  T hese l a t t e r  com ponents from  th e  y e a s t  sy stem  c o u ld  
be r e p la c e d  by  th e  c o rre s p o n d in g  f r a c t i o n s  fro m  r a t  l i y e r  
i n  a  r e c o n s t i t u t e d  sy s tem  ( E l l i n  e t  a l .  1973)*  Cytbchrom e 
P-4 5 0  h a s  a l s o  b e e n  d e m o n s tra te d  in  s t r a i n s  o f  C andida 
g u i l l i é r m o n d i i  (R ieg e  e t  a l ,  1977 and T i t t e l b a c h  e t  a l .  1976) 
and i n  E ndom ycbpsis l i p o l v t i c a  ( D é la is s é  & N y n s , 1974) grown 
on a lk a n e s  a s  th e  s o le  c a rb o n  s o u r c e .
The p re s e n c e  o f  a  cy tochrom e P - 4 5 0 - l ik e  C O -b ind ing  p i l e n t  
i n  c e l l s  o f  Saccharom vces c e r e v i s i a e  was f i r s t  r e p o r te d  by 
L indenm eyer «& S m ith  (1964) and l a t e r  by  I s h i d a t e  e t  a l  (1969 ) .  
i t  h a s  a l s o  b e en  fo u n d  i n  Sacoharom yces c a r l s b é r g e h s i s .  ^
(C a r t le d g e  e t  a l ,  1972) and i n  S c h iz  os accharom vces pombe
'• '  - . : • ■ H .. -■ .TV ‘ % 'Y •' xY'. , .V  -• ‘ • Y - S..I
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(P o o le  ^  a l ,  1 9 7 4 ) .  The p r o d u c t io n  o f  cy to ch ro m e  P-4-^0 
a p p e a rs  t o  be due t o  a p a r t i c u l a r  p h y s io lo g ic a l  s t a t e  w h ich  
o c c u rs  when t h e  c e l l u l a r  m e tab o lism  s w itc h e s  from  r e s p i r a t i o n  
t o  f e r m e n ta t io n .  T h is  s t a t e  r e s u l t s  e i t h e r  from  a  low  s u p p ly  
o f  oxygen i . e .  s e m i-a n a e ro b ic  c o n d i t io n s  o r  by  a e r o b ic  
f e r m e n ta t io n  c o n d i t io n s  a t  h ig h  g lu c o s e  c o n c e n t r a t io n s  w hich  
l e a d s  t o  r e p r e s s io n  o f  th e  r e s p i r a t o r y  c h a in .  The in f lu e n c e  
o f  oxygen on cy toch rom e P-^50  c o n te n t  w as d e m o h s tra te d  by  
I s h i d a t e  ^  a l  ( I 9 6 9 ) w here th e  enzyme was n o t  fo rm ed  a t  
low  g lu c o s e  c o n c e n t r a t io n s  u n d e r c o m p le te ly  a e r o b ic  o f  
c o m p le te ly  sm a e ro b ic  c o n d i t i o n s « An in v e r s e  c o r r e l a t i o n  
b e tw een  cy tbchrom e P - t 50 and cy tochrom e o x id a s e  was 
r e p o r t e d  by Wiseman ^  a l  (197^a) and  i s  cpnfirim ed i n  t h i s  ; 
t h e s i s  u n d e r  c o n d i t io n s  o f  h ig h  g lu c o s e  c o n e è n t r a t i b n s .
As t o  th e  f u n c t io n  o f  cy tochrom e P*^t50 i n  y e a s t ,  i t  h a s  
b een  p o s tu l a t e d  t h a t  th e  enzyme may be in v o lv e d  i n  th e  . ‘ 
d é m é th y la tio n  o f  l a n o s t e r o l  (11) t o  z y m o s te ro l  ( I I I ) , a s  
t h i s  c o n v e rs io n  was i n h i b i t e d  by CO by 57^ i n  a  p r e p a r a t i o n  
o f  d i s r u p te d  y e a s t  c e l l s  (A lex a n d e r e t  a l . 1 9 7 4 ) i
HO
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The g ro u p  o f  Y osH ida ^  a l  have su c c e e d e d  i n  i s o l a t i n g  
and p u r i f y in g ,  cy tochrom e P-^50  (Y osh ida  e t  a i  ^ 19 7 ^a , Y o sh id a  
& Kumaoka, 1975 and Y o sh id a  e t  à l , 1 9 7 7 )p cy tochrom e h^ 
(Y osh ida  e t  a l .  197^b) p NAlDH-cytOphrome b^  r e d u c ta s e  (K ubota
e t  a l , 1977a )  and NADPH-cytochrome P -4^0  r e d u c ta s e  (K ubpta 
â î. â i>  1977b and Aovama e t  a l .  1978) from  th e  m ic ro som al 
f r a c t i o n  o f  S* C e r e v i s i a e , d e m o n s tra t in g  th e  p re s e n c e  o f  
an e l e c t r o n - t r a n s p o r t  sy s tem  a n a lo g o u s  t o  t h a t  o f  l i v e r  
m ic ro so m es. T hese w o rk e rs  a l s o  r e p o r te d  t h a t  t h i s  s y s t e m  
was c a p a b le  o f  th e  h y d r o x y la t io n  o f  a n i l i n e  and th e  
d é m é th y la tio n  o f  a m ih o p y r in e . S u b seq u en t t o  th e s e  i n v e s t i g a t i o n s  
Aoyama & Y osh ida  (1978a )  showed t h a t  a  r e c o n s t i t u t e d  cy tochrom e 
P-^50  sy s tem  was c a p a b le  o f  th e  l^ a -^ d e m e th y la tio n  o f  l a n o s t e r o l  
( 4 ,4 , l4 a - t r im e th y l - 5 a ~ C h o le 8 ta ~ 8 p 2 4 - d ie n - 3 p - o l )  w hich  i s  one 
o f  t h r e e  d é m é th y la tio n s  n e c e s s a r y  f o r  c o n v e r s io n  t o  z y m o s te ro l  
(5 a “"C h o les ta~ '8 ,2 ^ “ d ie n ^ 3 p ~ o l) . The o th e r  d é m é th y la tio n s  
p ro c e e d  v i a  a  c y a n i d e - s e n s i t i v e  m ixed f u n c t io n  o x id a s e  (Ohba 
e t  a l , 1978 ) w hich  in v o lv e s  t h r e e  enzym ic s te p s  (Moore & G a y lo r , 
1 9 6 8 , M i l l e r  & G a y lo r , I 970  and  M i l l e r  e t  a l ,  1971)= A 
l a n o s te r o l - i n d u c e d  ty p e  I  S p e c t r a l  change h as  a l s o  b een
a l t e r n a t i v e  t o  th e  Ames t e s t  f o r  m u ta g e n ic i ty ;  th e  - 
rec o m b in o g e n ic  a c t i v i t y . o f  c h em ic a l c a rc in o g e n s  was m e a su re d  
u s in g  S# c e r e v i s i a e  D3» an  a c t i v a t i o n  sy stem  u s in g  A r p c lp r -  
p r e t r e a t e d  r a t  l i v e r  hom ogenates was a l s o  u s e d .  In  t h i s  
sy s te m , lOOj!^  o f  th e  u l t im a te  c a rc in o g e n s  t e s t e d  gave p o s i t i v e  
r e s u l t s  a lth o u g h  o n ly  38$^^  o f  th e  p ro c a rc in o g e n s  u se d  w ere 
p o s i t i v e .
d e s c r ib e d  f o r  th e  p u r i f i e d  cy tochrom e P-4gO (Aoyama & Y o s h id a ,
1978b ) .  !
Cytochrom e P -430  h a s  a l s o  b een  i n v e s t i g à t ed i n  S . c e r e v i s i a e  , 
by C a lle n  & P h i lp o t  (1977) i n  th e  c o n te x t  o f  th e  a c t i v a t i o n
 ^ - - - '  ^ - jo f  p ro m u ta g en s• T h is  a c t i v a t i o n  was d e te c te d  by  m ea su rin g  1
. \ . ' - -  . jth e  num ber o f  t r p 5  and ad e2 c o n v e r ta n ts  o f  th e  D4 s t r a i n
and i t  was fo im d t h a t  f i v e  p ro m u ta g e n s , a f l a t o x i n  B, d im e th y l-
n i t r o s a m in e , e th y l  c a rb a m a te , g -n ap h th y lam in e  and c y c lo *  1
p hospham ide , w ere m e ta b o l is e d  t o  a c t i v e  m u ta g e n s . More 1
' ' ■ ■ / . : f  \ ir e c e n t l y  Simmon ( I 9 7 9 ) h a s  su g g e s te d  a  s i m i l a r  'sy s tem  a s  an  ;|
J
' ( 3 1 ) " /  .' ; : c - : : ' i
1*5* Beïïzo (aV pyrene M etabo lism
A num ber o f  s t u d i e s  have  d e m o n s tra te d  t h e  c a r c in o g e n ic  
p r o p e r t i e s  o f  ip o ly c y c l ic  a ro m a tic  h y d ro c a rb o n s  i n  d i f f e r e n t  
s p e c i e s ,  in c lu d in g  man, and i n  d i f f e r e n t  t i s s u e s , in c lu d in g  
th e  lu n g  and s k in  (B la c k lo c k , 1 9 5 7 » A uerbach  e t  a l , .1 9 7 0 ,
I n u i  & Takayam a, I 97I ,  F e ro n , 1 9 7 2 , H ira o  e t  a l ,  1 9 7 2 . 
S a f f i o t l  e t  a l ,  1972 , S h u b ik , 1972, H enry e t  a l ,  1973 and • 
L i t t l e  & O 'T o o le , 1 9 7 4 ). B e n z o (a )p y re h e  (IV ) seem s t o  be 
e i t h e r  t h e  m ost a c t i v e  c a r c in o g e n ic  a g e n t o r  a t  l e a s t  th e  
b e s t  i n d i c a t o r  o f  th e  c a r c i n o g e n i c i t y ; o f  t h e  com plex r e s id u e s  
r e s u l t i n g  from  th e  in c o m p le te  co m b u stio n  o f  o rg à h ic  f u e l s  
( S t e r l i n g  & P o l la c k ,  1972)
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The m ajo r pa thw ays f o r  th e  m e tab o lism  o f  b e n z o (a )p y re h e  
and o th e r  p o ly c y c l i c  a ro m a tic  h y d ro c a rb o n s  i n  mammalian t i s s u e s  
in v o lv e  th e  a r y l  h y d ro c a rb o n  mono oxyg e n a se  (h y d rp k y la s e )  
sy s tem  (EC 1 ,1 4 .1 4 ,2 ) ,  e p b x id e  h y d ra s e  and  g l u ta t h io n e  
S re p o x id e  t r a n s f e r a s e  (C onney,1 9 (^ 7  and O esch , 1973)* T h ere  
i s  a  l a r g e  body o f  e v id e n c e  t h a t  a r y l  h y d ro c a rb o n  h y d rd x y la s e ,  
t h e  f i r s t  o f  th e s e  enzym es, in t r o d u c e s  an oxygen atom  i n t o  
i t s  s u b s t r a t e s  t o  p ro d u ce  e p o x id e s  (a re n e  p x id e s )  (O esch
e t  a l ,  1 9 7 2 , O esch , 1973 , H e id e lb è r g e r ,  I 9 7 3 , J e r i n a  & p a l y ,  
1 9 7 4 , Sims & G ro v e r ,l9 7 4  and H e id ,e lb e rg e r , 1 9 7 5 ) .  J e r i h a  
e t  a l  (1970^ ) have shown t h a t  n a p h th a le n e  o x id e  i s  an  
o b l ig a t o r y  in te r m e d ia te  i n  th e  m e tab o lism  o f  n a p h th a le n e  t o  
n a p h th o l ,  d i o l  and th e  g lu ta t h io n e  c o n ju g a te .  O x ides o f  
p y r e n e , b e n z o (a )p y re n e ; and d ib e n z {a ÿh)a n th ra c e n e  have  b e e n  
d e te c te d  ( S e lk i r k  e t  a l ,  1971 and G ro v er e t  a l ',  1 9 7 2 ), T is s u e s  
i n  w h ich  th e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  sy s te m  h a s  b e e n  
d e m o n s tra te d  t o  m e ta b o l is e  p o ly c y c l i c  a ro m a tic  h y d ro c a rb o n s  
t o  e p o x id e s  o r  d ih y d r o d io l s ,  w hich  a r i s e  from  th e  f u r t h e r  
m e ta b o lism  o f  th e  e p o x id e , in c lu d e  r a t  l i v e r ,  lu n g  and s k i n ,  
mouse s k i n ,  and human l i v e r ,  lu n g ,  ly m p h o c y te s , m o n o cy tes , 
a d r e n a l  g la n d  and p la c e n ta  (G e lb o in  e t  a l ,  Î 9 7 5 ,  P e lk o n e h ,
1975  and  S im s, 1 9 7 5 )-
The a re n e  o x id e s  form ed from  p o ly c y c l ic  a ro m a tic   ^
h y d ro c a rb o n s  can  r e a r r a n g e  n o n -e n z y m ic a lly  t o  form  p h e n o ls  
(S w a is la n d  e t  a l ,  1973) o r  th e y  can  be f u r t h e r  m e ta b o l is e d  
by  two m ain pa thw ays (Mande1 , 197I  and O esch , 1 9 7 3 ) . E p o x id e  
h y d ra s e  may add w a te r  t o  th e  a re n e  o x id e s  t o  y i e l d  
d ih y d r o d io l s  (F ig u re  1 . 4 ) (Pandov & S im s, I 970  and Oesch e t  a l .
1971 ) o r  a l t e r n a t i v e l y ,  th e  a re n e  o x id e s  may be c o n ju g a te d  
by g l u ta th io n e  S -e p o x id e  t r a n s f e r a s e  (B oylahd  & S im s, 1965a  
and b ,  B oy land  & W ill ia m s , I 965 and  K e y s e ll  e t  a l ,  1975)*
T h is  c o n ju g a t io n  w i th  g l u t a t h io n e  may a l s o  o c c u r  non-’ 
e n z y m ic a l ly ,  a rè n e  o x id e s  may a l s o  r e a c t  d i r e c t l y  w ith  p r o t e i n s  
and n u c le i c  a c i d s . I t  h a s  b een  found  t h a t  a re n e  o x id e s  may
f u r t h e r
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F ig u re  1 .4 .  The M etab o lism  o f  P o ly c y c l ic  A ro m atic  
H y d ro carb o n s i n  R a t L iv e r .  (R = rem ainder o f  r i n g  sy stem )
be re d u c e d  back  t o  th e  p a r e n t  h y d ro c a rb o n  by a  NADPH- 
d e p en d e n t r e d u c ta s e  w hich  i s  i n h i b i t e d  by  oxygen (B ooth e t ; a l .  
1975  and K ato e t  a l ,  1976a  and b ) ,
The m e tab o lism  o f  th e  d ih y d r o d io ls  fo rm ed from  p o ly c y c l i c  
a ro m a tic  h y d ro c a rb o n s  h a s  b een  e x te n s iv e ly  s tu d i e d  and i t  
h a s  b e en  fo und  t h a t  th e s e  can  e i t h e r  be c o n ju g a te d  w ith  
g lu c u r o n ic  a c id  o r  d e h y d ro g e n a te d  t o  c a te c h o ls  by  a  S o lu b le  
d e h y d ro g e n ase  (A yengar e t  a l , l 9 5 9 ,  J e r i n a  e t  a l .  1967 and 
I9 7 0 b an d  Nemoto & G e lb o in , 1976 ) I t  h a s  a l s o  b een  r e p o r t e d  
t h a t  p h e n o ls  o f  b e n z o ( à ) p y re n e  can be c o n ju g a te d  w ith
g lu c u r o n ic  a c id  (Nerfioto & G e lb o in , I 976 ) and s u lp h a te  (Cohen j
.  ^ ' -, ■ . ie t  1976 ) .  I n  a d d i t i o n ,  th e  c a te c h o ls  may be  me t a -  o r  ^
p a ra -O ^ m e th v la te d  by  a  n o n - p a r t i c u l a t e  (C re v e l in g  e t  a l ,  1 9 7 0 , 
C re v e l in g  e t  a l . 1972 and  M eyer & S c h e lin ë ^  I 9 7 2 ) o r  a  
m ic ro so m al ( In sc o e  e t  a l .•1 9 6 5  and McCormick e t  a i .  1972) 
h e p a t i c  c a te c h o l  0 - m e th y l t r a n s f e r a s e .  G lu ta th io n e  c o n ju g a te s  
a r e  th o u g h t  t o  be m e ta b o l is e d  f u r t h e r  le a d in g  t o  l o s s  o f  ]
th e  g lu ta m a te  and- g ly c in e  r e s i d u e s ,  fo llo w e d  by  a c é t y l a t i o n  j
o f  th e  r e s u l t i n g  f r e e  amino a c id  g ro u p  o f  th e  c y s t e i n y l  
r e s id u e  t o  p ro d u ce  a  m e re a p tu r ic  a c i d ,  w hich  i s  th e n  e x c r e te d  
(B oyland  & C h a sse au d , 1 969 ) .
I t  h a s  b e en  b e l ie v e d  f o r  some tim e  t h a t  th e  a r y l  
h y d ro c a rb o n  h y d ro x y la s e  sy s te m  and th e  m ic ro so m a l;m ix e d - 
f u n c t io h  o x id a s e  sy s te m  a re  th e  same (Conney e t  a l .  1956 
and C onney, I 9 6 7 ) ,  B o th  th e s e  sy s te m s a re  l o c a l i s e d  i n  th e
(35)
en d o p la sm ic  r e t i c u lu m  o f  r a t  l i v e r  and r e q u i r e  NADHi and 
m o le c u la r  oxygen. C arbon m onoxide a l s o  i n h i b i t s  b o th  sy s tem s 
and th e  i s o l a t e d  com ponents o f  th e  cy toch rom e P -450 sy s tem  
can  be r e c o n s t i t u t e d  t o  g iv e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  
a c t i v i t y .  In  a d d i t i o n ,  b e n z o (a )p y re n e  and  o t h e r  p o ly c y c l ic  i
a ro m a tic  h y d ro c a rb o n s  in d u c e  in c r e a s e d  l e v e l s  o f  b o th  a r y l  1
h y d ro c a rb o n  h y d ro x y la s e  and cytochrom e P -450  (P -440 ) i n
■ /  !v a r io u s  t i s s u e s  (S la d e k  & M an n erin g , 1 9 6 6 , S ilv e rm a n  & T a là la y ,  1
1 9 6 7 , A lv a re s  e t  a l ,  I 967  and Gram e t  a l ,  1967)0  !
ii
The i s o l a t i o n  and b h a r a c t e r i s a t i o n  o f  m u l t i p l e  fo rm s 1
o f  cy toch rom e P-4 5 0  from  r a b b i t  l i v e r  m icrosom es h as  b een  
d e s c r ib e d  (van  d e r  Hpeven & Coon, 1974 , v a n  d e r  Hdeven e t  à l . i
1 9 7 4 , Haugen e t  a l ,  1975 and Haugen & Coon, 1 9 7 6 ) .  The sodium  j
p h e n o b a r b i to h e - in d u c ib le  fo rm , cy toohrom e P - 4 5 ^  
P -n ap h t h a f  la v o n e  -  in d u e  i b l e  fo rm , cy toch rom e P -450y^^  h av e  j
b een  shown t o  be d i s t i n c t  p r o t e i n s  and  a d d i t i o n a l  fo rm s o f  i
cy toch rom e P - 4 5 0 h a v e  b e en  i s o l a t e d  i n  a  p a r t i a l l y  p u r i f i e d  ^
s t a t e  (Coon e t  a l ,  I 977  and  Dean & Coon, 1 9 7 7 ) « The o v e r a l l
h y d r o x y la t io n  o f  b e n z o (a )p y re n e  h a s  b e en  d e m o n s tra te d  i n  , |
r e c o n s t i t u t e d  enzyme sy s te m s c o n ta in in g :  p u r i f i e d  cy tochrom e i
P-45Q jjj from  3 - m e th y lc h b la n th r e n e - p r e t r e a te d  r a t s  (Lu e t  a l .  i
' - - ’ ' ' - '1972 ) and from  ^ - n a p h th a f la v o n e - p r e t r e a te d  m ice  o f  b o th
in d u c ib le  and n o n - in d u c ib le  s t r a i n s  (H e b e rt e t  a l .  1 9 7 3 b ).
U sing, a  num ber o f  in b r e d  s t r a i n s  o f  m ic e , N ë b e r t  e t  a l  have
d e m o n s tra te d  t h a t  in d u c t io n  o f  cy tochrom e P -4 4 8  by p o ly c y c l ic
a ro m a tic  h y d ro c a rb o n s  i s  g e n e t i c a l l y  a s s o c i a t e d  w ith  th e
. ■. i
(36)
i n d u c t io n  o f  7 -e th o x y c o u m a rin  0 - d e e th y la s e  a c t i v i t y ,  a s  w e l l  
a s  a  num ber o f  o th e r  m ic ro so m al m onooxygenase a c t i v i t i e s ,  
i n  a d d i t i o n  t o  a r y l  h y d ro c a rb o n  h y d ro x y la s e  (H e b e rt e t  a l .  
1973b ,  R ob inson  & N e b e r t .  1974 . A tla s  e t  a l .  1975 and 
T h o rg ie b s s o n  e t  1975 ) .
The in t r o d u c t i o n  o f  h ig h - p r e s s u r e  l i q u i d  ch ro m ato g rap h y  
f o r  th e  s e p a r a t io n  o f  b e n z o (a )p y re n e  m e ta b o l i t e s  ( S e lk i r k  
e t  a l ,  1 974a) s i g n i f i c a n t l y  advanced  th e  p o t e n t i a l  fO r 
m e ta b o l ic  s t u d i e s  o f  th e  p o ly c y c l i c  a ro m a tic  h y d ro c a rb o n s , 
and  i t  h a s  s in c e  b e en  u se d  by many w o rk e rs  i n  t h i s  f i e l d  
(F re u d e h th a l  e t  a l .  1975? V adi e t  a l ,  1975? Hoiberman & S a c h s , 
1976  and  H undley & F re U d e n th a l , 1977 )  ^ T hose b en zo  (a )  p y reh e  
m e ta b o l i t e s  s e p a r a te d  by  t h i s  m ethod in c lu d e  t h e  7 , 8- ,  9 v l 0-  
and 4 ,5 " d ih y d r o d io l s ,  th e  3 - ,  7” and 9- p h e n o ls  and th e  1 »6 - ,  
3 , 6-  and 6 ,1 2 -q u in o n e s  ( S e lk i r k  e t  a lt ,  1974a a n d ? b , S e lk W k  
e t  a l ,  1 9 7 5 , S e l k i r k  e t  a l ,  I 976 and Yang e t  a l ,  1977) w b lie  
u n d e r  s p e c i a l  c o n d i t io n s  b e n z o ( a ) p y r e n e - 4 ,5 - o x id e  can  a l s o  
be i s o l a t e d  ( S e lk i r k  e t  a l ,  1 9 7 5 ).
A v a r i e t y  o f  p a ra m e te rs  have been  c a l c u l a t e d  f o r  p o ly c y c l ic  
a ro m a tic  h y d ro c a rb o n s  by  quantum  m e c h a n ic a l m ethods i n  
a n t i c i p a t i o n  t h a t  one w ould c o r r e l a t e  w ith  t h e  c a r c in o g e n ic i ty  
i n  v iv o  o r  w i th  p ro d u c ts  fo rm ed  i n  v i t r o  . Among th e s e  t h e o r i e s  
th e  " K -re g io n "  th e o r y  o f  P u llm an  & P u llm an  (1955) h as  
a t t r a c t e d  much a t t e n t i o n .  T h is  th e o r y  a s s e r t e d  t h a t  a  
h y d ro c a rb o n  m ust p o s s e s s  a  "K -re g io n "  w ith  h ig h  e l e c t r o n
(37)' ' '" ': \ '.'
d e n s i ty  i n  o r d e r  t o  be c a rc in o g e n ic #  w h ile  a  h ig h ly  r e a c t i v e  
" l - r e g i o n "  w ould mean d e c re a s e d  c a r c in o g e n ic  a c t i v i t y ,  The 
th e o r y  im p lie s  some form  o f  m e ta b o lic  a c t i v a t i o n  a t  th e  
" K -re g io n "  t o  fo rm  a  r e a c t i v e  m e ta b o l i t e ,  su c h  a s  ah  a re n e  
ox ide#  a s  opposed t o  some d e to x ic a t io n  m echanism  suOh a s  
q u in o n e  fo rm a t io n  a t  ah  '* L -reg io n ” . The w ork o f  M i l le r  ( I 9 7 O) 
and M i l l e r  & M i l l e r  (1973) h a s  b ro u g h t w ide a c c e p ta n c e  t o  
t h i s  c o n c e p t t h a t  c h e m ic a l c a r c in o g e n s , w h ich  th e m se lv e s  
a r e  n o t  c h e m ic a l ly  a c t i v e ,  e x e r t  t h e i r  c a r c in o g e n ic  e f f e c t  
th ro u g h  m e ta b o l i te s  w hich  a r e  s u f f i c i e n t l y  a c t i v e  t o  m od ify  
c e l l u l a r  m ac ro m o lecu les  su c h  a s  DNAV RNA and  p r o t e i n .
S e v e r a l  a p p ro a c h e s  t o  t h e  m echanism  o f  a c t i o n  o f  
b e n 2s o (a )p y ré n e , in c lu d in g  c o v a le n t  b in d in g  t o  n u c le i c  a c id ,  
m u ta t io n  o f  b a c t e r i a l  and mammalian c e l l s ,  t r a n s f o r m a t io n  
o f  c e l l s  i n  c u l t u r e  and t o  v iv o  c a r c i n o g e n ic i ty  s t u d i e s , 
have  a l l  i n d ic a t e d  t h a t  t h e  benzo  r i n g  o f  b e n z o (a ) p y ren e  
i a  o f  key  im p o rta n c e  i n  th e  c a r c in o g e n ic i ty  o f  t h i s  compound, 
B orgen ^  a l  (1973) fo u n d  t h a t  l i v e r  m ic ro so m al m e tab o lism  
o f  b e n z o ( a ) p y r e n e -7 #8- d ih y d r o d io l  r e s u l t e d  i n  more e x te n s iv e  
b in d in g  t o  DNA th a n  d id  m e tab o lism  o f  b e n z o (a )p y re n e  o r  
s e v e r a l  o th e r  b e n z o (a )p y re n e  m e ta b o l i t e s ,  Sim s e t  a l  (1974) 
p ro v id e d  e v id e n c e  t h a t  a  7 »8- d i o l - 9 , 10~ ep o x id e  was th e  
s p e c i f i c  m e ta b o l i te  r e s p o n s ib le  f o r  t h i s  b in d in g  t o  DNA and 
L ev in  ^  a l  (1978) have d e s c r ib e d  th e  m u ta g en ic  and 
c a r c in o g e n ic  a c t i v i t y  o f  33 benzo  (a ) p y r  ene m e ta b o l i te s  and 
d e r i v a t i v e s  and c o n c lu d e d  t h a t  a  7 #8- d i o l - 9 #10 - e p o x id 8 was
; : ' .  ^  :  .' 'X 3 8 )' ' :' ' ^ : y  . ... .
in d e e d  an  " u l t im a te  c a rc in o g e n " .  The fo rm a t io n  o f  th e  
7 ,8 -" d io l-9 ,1 0 ~ e p o x id e s  i s  i l l u s t r a t e d  i n  F ig u r e  1 ,5 .
4 '
The th e o r y  o f  th e  c a r c in o g e n e s is  o f  p o ly c y c l i c  a ro m a tic  
h y d ro c a rb o n s  u se d  to d a y  i s  th e  " b a y - re g io h "  th e o r y  o f  J e r i n a  
e t  a l  ( J e r i n a  e t  a l .  1976# J e r i n a  e t  a l ,  1977a# *Terina &
L e h r , 1977 and J e r i n a  e t  a l ,  1978) w h ich  p o s t u l a t e s  t h a t  
i n  th e  c a se  o f  b e n z o (a )p y re n e  th e  c r i t i c a l  s t r u c t u r a l  f e a t u r e  
i s  an  e p o x id e  on a  s a t u r a t e d  b e n z o - r in g  w hich  fo rm s p a r t  
o f  a  " b a y - r e g io n " .  The s im p le s t  exam ple o f  a  b a y - r e g ip n  
i s  th e  h in d e re d  r e g io n  b e tw een  th e  and  5"*P os i t  io n s  o f  
p h e n a n th re n e  (V ),' F ig u re  1 ,6  a l s o  shows b a y - r e g io n s  f o r  
benz  a n th ra c e n e  ( VI ) ,  c h ry se n e  (V II)  and b e n z o ( a )p y r e n e ,
Thus 1 , 2 , 3 ,4 - te t r à h y d r o p h e n a n th r è n e - 3 ,4 -e p o x id e  i s  much more 
r e a c t i v e  th a n  th e  iso m e r 1 , 2 , 3 p4-tetrahydrophenanth i^ehe^fl& ^S- 
e p o x id e . S im i la r ly  th e  9 , lp - e p o x id e  o f  7 ,8 # ^ ,1 0 ~ te t r a h y d r o - *  
b e n z o (a )p y re n e  i s  1 0 - f o ld  more r e a c t i v e  th a n  t h e  7 , 8 ^ ep o x id e  
(Wood e t  1976 ) '  A n o th e r exam ple o f  th e  r e a c t i v i t y  o f  " - 
t h e  b a y - r e g io n  i n  7 # 8 ,9 ,1 0 - 1 e tra h y d ro b e n z o  (à )p ÿ re h e  i s  t h e  
h ig h ly  s e l e c t i v e  a t t a c k  o f  l e a d  t e t r a a c e t a t e  a t  th e  1 0 -  
p o s i t i o n  (Kon & R oe, 1945  and Y ag i & J e r i n a ,  1 9 7 5 )^  The 
b a y - r e g io n  th e o r y  a p p e a rs  t o  be c o n s i s t e n t  w i th  e x i s t i n g  
c a r c i n o g e n ic i ty  d a ta  on m e th y l-  and f l u o r i n e - s u b s t i t u t e d  
h y d ro c a rb o n s  ( J e r i n a  & D a ly , 1977 and J e r i n a  e t  a i .  1977b) 
w h ile  a t te m p ts  t o  d e m o n s tra te  t h a t  K -re g io n  a re n e  o x id e s  
a r e  p ro x im a te  o r  u l t i m a t e  c a r c in o g e n ic  m e ta b o l i t e s  h av e  b e e n  
u n s u c c e s s f u l .  Thé K -re g io n  a re n e  o x id e s  o f  b e n z a n th ra d é h e ,
ep o x id e
h y d ra sè
OH d io l - e p o x id e  I I
HO
OH
OH d l o i » e p o x id e  I
F ig u re  1*5* The M e ta b o lic  FoiT nation o f  th e  D ia s te re o m e r ic  
B e n z b (a )p y re n e -7 » 8 -d io l-9 ,iO « -e p o x id e s , (from  J e r i n a  e t  a l ;  1978) •
N )
(V)
12
(V I)
110 (V II)
11
F ig u re  1 , 6 , The P o s i t i o n s  o f  th e  B ay-R eg idns o f  a  Few 
P o ly c y c l ic  A rom atic  H y d ro ca rb o n s ,
,.. , ,
(41) .
7 -m e th y ll)e n z { a )a n th ra c e n e , 3 -me th y lc h  p la n t  h r  ene and 
b e n z o (a )p y re n e  have  low  c a r c in o g e n ic  a c t i v i t y  when com pared 
w i th  th e  p a r e n t  compound (Bux'ki e t  a l ,  1974» L e v in  e t  a l ,  
1976  and S la g a  e t  I 9 7 6 ) .  I n t e r e s t i n g l y ,  p o ly c y c l i c  
a ro m a tic  h y d ro c a rb o n s  w ith  a  K ~ reg ion  o f t e n  p o s s e s s  a  b a y -  
r e g io n  and t h i s  may h e lp  to  e x p la in  th e  c o r r e l a t i o n  n o te d  
by P u llm an  & P u llm an  (1955)*
', .' ■ (42)
a m m R _ g . ,
The R e g u la t io n  o f  th e  B io s y n th e s is  
o f  C ytochrom e P -450  i n  S accharom yces o e r e v i s i a e
  ^ ^  ' ' '  ''- '(4 3 ) -
2 . The R e g u la tio n  o f  th e  B io s y n th e s is  o f  C ytochrom e P-450 
i n  S accharom yces o e r e v i s i a e
2 .1 .  I n t r o d u c t io n
Good y i e l d s  o f  cy toch rom e P -450 can  be  o b ta in e d  by  g ro w in g  
y e a s t  u n d e r  c o n d i t io n s  o f  m ito c h o n d r ia l  r e p r e s s i o n ,  f o r  exam ple 
i n  2 0 ^ -g lu C o se  medium (Wiseman e t  a l .  1 9 7 5 a ). A r a p i d  p r o d u c t io n  
o f  cy tocîirom e P~45o can  be b ro u g h t  a b o u t b y  t r a n s f e r r i n g  y e a s t  
w h ich  h a s  p r e v io u s ly  b een  grown t o  th e  end  o f  th e  e x p o n e n t ia l  
p h a se  i n  g row th  medium c o n ta in in g  a s  l i t t l e  a s  0 .^ ^  g lu c o s e  t o  
a  r e l a t i v e l y  sm a ll  volume o f  2 0 ^ -g lu c o se  medium; T he?p r o d u c t io n  
o f  t h i s  enzym e, o v e r  a t  l e a s t  8h , i s  accom panied  b y  a  f a i l u r e  
t o  r e s y n t h e s i s e  cy toch rom e o x id a s e  d e s p i t e  a  4 - f o l d  g ro w th  o f  
th e  y e a s t  (Wiseman & Woods, 19 7 7 )•
E x p e rim e n ts  u s in g  y e a s t  p r o t o p l a s t s  have  shown t h a t  c y c l i c  
AMP h a s  a  n e g a t iv e  e f f e c t  on t h i s  b io s y n th e s i s  o f  cy to ch rcm e  
l i k e l y  t o  be  a t  th e  l e v e l  o f  t r a n s c r i p t i o n .  -
2 .2 .  M a te r i a l s  and  M ethods
2 .2 .1 .  G row th o f  th e  Y e a s t
S accharom yces c e r e v i s i a e  (N .C .Y .C . No 240) was ra a ih ta i n e d 
on s lo p e s  o f  S a b o u ra u d -D e x tro se  a g a r  and  t r a n s f e r r e d  u s in g  à  
p la t in u m  w ire  t o  g ro w th  medium, c o n ta in in g  sod ium  c h lo r id e  ( 5 g / l ) , 
y e a s t  e x t r a c t  ( lO g / l )  and b a c t e r i o l o g i c a l  p e p to n e  ( 2 0 g / l )  
a u to c la v e d  a t  1 5 p s i  f o r  15m in. I n  a d d i t i o n ,  th e  medium 
c o n ta in e d  g lu c o s e  a t  c o n c e n t r a t io n s  o f  5 t o  2 0 0 g / l  a u to c la v e d  
s e p a r a t e l y  t o  p r e v e n t  th e  fo im ia tio h  o f  i n t e r f e r i n g  breakdow n
(44) 1
p ig m e n ts . The y e a s t  was grow n i n  100ml o f  medium c o n ta in e d  
i n  a  250m l c o n ic a l  f l a s k  sh a k en  i n  a  M ick le  s h a k in g  w a te r  h a th  
(M ick le  L a b o ra to ry  E n g in e e r in g  G o . , G o m sh a ll, S u r re y )  a t  3 0 ^0 , 
s h a k in g  a t  50rpm w ith  a  s t r o k e  o f  5cm and was h a r v e s te d  by  
c e n t r i f u g a t i o n  i n  a  M .S .E . b e n ch  c e n t r i f u g e  (M easu rin g  and  
S c i e n t i f i c  E quipm ent L t d . , L o n don ).
2 . 2 . 2 .  The P r e p a r a t io n  o f  P r o t o o l a s t s
P r o t o p l a s t s  w ere p re p a re d  b y  a  m o d if ie d  m ethod o f  Eddy & 
W illia m so n  (1 9 5 0 ) . Y e as t was grown i n  0 .5 ^ “g lu c o s e  g fo w th  
medium f o r  4 8 h , h a r v e s te d  by  c e n t r i f u g a t i o n  and  w ashed once 
i n  lO O m M -c itra te /p h o sp h a te  b u f f e r ,  pH 5 .8 .  The y e a s t  was th e n  
re s u s p e n d e d  t o  lOOmg/ml i n  lO O m M -c itra te /p h o sp h a te  b u f f e r ,  
pH 5*8 c o n ta in in g  0 . l4 M -2 -m e rc a p to e th a n o l and  0 . 04M-EDTA and 
in c u b a te d  a t  30^0 f o r  30m in. A f te r  c e n t r i f u g a t i o n  i n  a  P ic c o lo  
c e n t r i f u g e  (H ereaeu s C h r i s t ,  GmbH), th e  y e a s t  was w ashed t h r e e  
t im e s  i n  b u f f e r  w i th o u t  a d d i t i v e s  and  re s u s p e n d e d  t o  I g / m l , 
S n a i l  g u t  enzyme (0 .4 m l/g  y e a s t )  was th e n  ad d ed  and th e  m ix tu re  
i n c u b a te d a t  30^G f o r  45m in . The p r o t o p l a s t s  w ere  h a r v e s te d  by  
c e n t r i f u g a t i o n  and re s u sp e n d e d  i n  1ml o f  mediUm/50mg o r i g i n a l  
y e a s t .
2 . 2 . 3 . The M easurem ent o f  th e  M ito c h o n d r ia l  C ytochrom es and 
C ytochrom e P-450
The c o n c e n t r a t io n  o f  th e  m i to c h o n d r ia l  c y to c h ro m e s  i n  
w hole  y e a s t  and i n  p r o t o p l a s t s  was d e te rm in e d  b y  a  m ethod 
m o d if ie d  from  t h a t  o f  W illia m s  (1 9 6 4 ) . Y e a s t s u s p e n s io i i  was 
p la c e d  ( u s u a l ly  O .lg  w et w e ig h t/m l)  i n  e ach  o f  tw o
''<?. ' :% .- -.V .. . " ':_' ' - " r \.y ..........
’■ -. ■ . ■ ../■'■ . : ' - ! , - . ^  i(45)
s p e c tro p h o to m e te r  c u v e t te s  o f  1cm l i g h t  p a th  and th e  sam ple- '' , , .. ._ ,  . . .... ' , ' :  ;y .. . ' ' ic u v e t te  re d u c e d  by  th e  a d d i t i o n  o f  a  few  g r a i n s  o f  sodium  i
d i t h i o n i t e ,  th e  r e f e r e n c e  c e l l  b e in g  o x id is e d  by  a d d i t i o h  o f  !
50^1 o f  20 volum e h y d ro g en  p e ro x id e .  The d i f f e r e n c e  sp e c tru m  I
b e tw een  500  and 640nm was th e n  re c o rd e d  by  m eans o f  a  Pye^ Uhicam
S P I800 s p e c tro p h o to m e te r  jfF ig u re  2; 1 . ) and th e  c o n c e n t r a t i o n s
o f  th e  m ito c h o n d r ia l  cy to ch ro m es (cy toch rom e o x id a s e ,  cy toch rom e |
b ,  cybochrom è Cj and  cy tochrom e c ) d e r iv e d  from  th e  d i f f é r e n c e s  I
i n  a b so rb a n c e  a t  f o u r  w a v e le n g th  p a i r s  w h ich  w ere th e n  u se d
t o  s o lv e  f o u r  s im u lta n e o u s  e q u a t io n s  i n  f o u r  u h k n o W s, t h i s
p ro c e s s  b e in g  sp e ed e d  up c o n s id e r a b ly  b y  th e  u se  o f  a  c o m p u te r .
The c o n c e n t r a t io n  o f  cy tochrom e P -450  was th e n  d e te rm ih e d  
u s in g  th e  same sam ple  by  a  m ethod m o d if ie d  from  t h a t  o f 
Qmura e t  a l : (1965)* The f e f e r e r ic e  c e l l ,  p r e v io u s ly  o x id is e d  
w i th  H2 O2 was re d u c e d  by  th e  a d d i t i o n  o f  e x c e s s  sodium  d i t h i o n i t e  
and  a  b a s e l i n e  b e tw een  4 l0  arid 490im  r e c o r d e d .  C arbon m onoxide 
was th e n  b u b b le d  th ro u g h  th e  t e s t  c u v e t te  f o r  30s e c s  and th e  
sc a n  r e p e a t e d .  The peak  h e ig h t  a t  45Onit above th e  b a s e l in é r w a s  
th e n  u se d  t o  c a l c u l a t e  th e  c o n c e n t r a t io n  o f  cy toch rom e P -45Ô ,
•«1 «.ftTa ssu m in g  an  e x t i n c t i o n  c o e f f i c i e n t  o f  9 1 cm~ «mM“* ( f o r  sp e c tru m  
se e  F ig u re  2 . 2 , )
I n t e r f e r e n c e  by  cy toch rom e o x id a se  w i th  th e  cy tochrom e 
P-4 5 0  a s s a y  h a s  b e e n  d e s c r ib e d  (P b h l e t  a l ,  197 6 ) b u t  was 
r u l e d  o u t by  m e a su rin g  th e  cy toch rom e P -450  c o n te n t  o f  a  
m ic ro so m al s u s p e n s io n  i n  th é  p re s e n c e  and a b se n c e  o f  a  
m ito c h o n d r ia l  s u s p e n s io n ,  t h e r e  was no d i f f e r e n c e  i n  th e  s i z e
..ir;- . : . :'X V 'V:V:x;' ' ' • . (' ... : . . -r, i. ^ .<■ f . Ç ■ ••
(46)
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F ig u re  2 .1 .  The O x id ised -R ed u ced  D i f f e r e n c e  S pec trum  
o f  Y e a s t S u s p e n s io n .
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F ig u re  2 ,2 ,  The C arbon M o n o x id e -D iffe re n c e  S pectrum  
o f  Y e a s t S u s p e n s io n ,
of the peak at 450nra.
2 .2 .4 .  M a te r i a l s
S accharom yces c e r e v i s i a e  (No 246) was o b ta in e d  from  th e  
N a t io n a l  C o l le c t io n  o f  Y e a s t C u l t i r r e s ,  N u t f i e l d ,  S u r re y .
Pow dered y e a s t  e x t r a c t  and S ab o u rau d r-d ex tro se  a g a r  w ere o b ta in e d  
from  Oxoid Co. L td . ,  B a s in g s to k e , H an ts and b a c t e r i o l o g i c a l  
p e p to n e  from  D if C O . A denosine  3* : ^ ?- p h o s p h a te , a d e n o s in e  
S *- p h o s p h a te , a d e n o s in e  2® ~(3* ) “ P h o s p h a t ©  (m ixed is o m e r s ) , 
a c t in o m y c in  D and c h lo ra m p h e n ic o l w ere O b ta in e d  fro m  th é  Sjigma 
C hem ical C orp . (London) L t d . , 2 -m e re a p to e th a n o l  was o b ta in e d  
from  K o c h -L ig h t, C o ln b ro o k , B ucks. D -g lu c o se  and  a l l  o th e r  
c h e m ic a ls  w ere s u p p l ie d  by  BDH C hem icals L td , P o o le , D o r s e t .
2 . 3 . R e s u l t s  and D is c u s s io n
2 . 3 *1 * The E f f e c t  o f  G lucose  on th e  Mi to c h o n d r i a l  C y to ch ro mes 
and Cytochrom e P -450  i n  Y e as t
The b io s y n th e s i s  o f  cy toch rom e P-450 i n  y e a s t  may be 
p rom oted  by  f i r s t l y  g row ing  i n  0 .5î^-^glucpse medium and t r a n s f e r r i n g  
t o  2 0 ^ - g lu c ose  medium. Y e a s t was grown a s  d e s c r ib e d  above i n  
0 . 5^ - g lu c o s e  medium and h a r v e s te d  b y  c e n t r i f u g a t i o n  a f t e r  48h 
and w ashed i n  lO O ra M -c itra te /p h o sp h a te  b u f f e r ,  pH 5 .8*  The 
y e a s t  was d iv id e d  i n t o  ^OOmg p o r t io n s  and e a c h  p o r t i o n  re s u sp e n d e d  
i n  I 51ÛI o f  medium c o n ta in in g  v a r io u s  c o n c e n t r a t io n s  o f  g lu c o s e  
i n  a  25ml c o n ic a l  f l a s k  ^ d  sh ak en  a t  30^0 a s  b e f o r e .  A t  ^
v a r io u s  t im e s  up t o  24h th e  y e a s t  s u s p e n s io n  was c e n t r i f u g e d  
and th e  p r e s s e d  (w et ) w e ig h t d e te rm in e d . The y e a s t  was th e n  
r e  su sp en d e d  i n  ^ml o f  d i s t i l l e d  w a te r  and  h a l f  was p u t  i n t o
'K y : ' . - x : : A ; . .;;.? ; y r ^  --
e a c h  o f  two 3ml s p e c tro p h o to m e te r  c u v e t t e s .  The am ounts o f  
th e  m i to c h o n d r ia l  cy to ch ro m es and cy tochrom e P -4 5 0 w ere 
d e te rm in e d  a s  d e s c r ib e d  a b o v e .
Thus F ig u r e s  2 ,3  and 2 .4  show t h a t  t r a n s f e r  o f  y e a s t  
t o  I '^ -g lu c o s e  medium r e s u l t e d  i n  a  sm a ll  i n c r e a s e  i n  y e a s t  
w e ig h t and an  in d u c t io n  o f  some cy tochrom e P -4 5 0 , th e r e  was 
a l s o  a  d e c re a s e  i n  th e  am ount o f  cy tochrom e o x id a s e .v  T hese  
e f f e c t s  w ere more m arked when and 20^ - g lu c o s e  m edia w ere 
u se d  (F ig u re s  2 .5 ,  2 .6 ,  2 .7  and 2 .8 ) .  I n  th e  e a s e  o f  
g lu c o s e  medium t h e r e  was a  s h o r t  l a g  p h ase  b e f o r e  cy tochrom e 
P -450  p ro d u c t io n  s t a r t e d  w hich  was a b s e n t  a t  lo w e r  g lu c o s e  
c o n c e n t r a t i o n s ,  b u t  t h e r e  was no la g  p h ase  i n  t h e  g row th  
o f  th e  y e a s t  u n d e r  any  o f  th e s e  c o n d i t i o n s .  The d e c re a s e  i n  
cy toch rom e o x id a s e  was m axim al i n  20^ - g lu c o s é g ro w th  m edium , 
p ro b a b ly  due t o  d i l u t i o n  o f  th e  enzyme by g ro w th  o f  th e  y e a s t ,  
s in c e  u n d e r  c o n d i t io n s  o f  h ig h  g lu c o s e  c o n c e n t r a t io n s  i t  
i s  n o t  s y n th e s i s e d .  T here  d o e s ,  how ever, a p p e a r  t o  be s y n th e s i s  
o f  th e  o th e r  m ito c h o n d r ia l  cy toch rom es a f t e r  a  l a g  p h ase  
s in c e  t h e i r  c o n c e n t r a t io n s  d e c re a s e d  and th e n  in c r e a s e d  a g a in  
t o  a  l e v e l  somewhat h ig h e r  th a n  t h a t  a t  w hich  t h e y  s t a r t e d .
S tu d ie s  o f  th e  e n e rg y  re q u ire m e n ts  o f  t h i s  p ro c e s s  have  
shown t h a t  e n e rg y  p ro d u c t io n  by  m ito c h o n d r ia  i s  n o t  r e q u i r e d .  
Thus t r a n s f e r  o f  y e a s t  t o  2 0 0 -g lu c o se  medium c o n ta in in g  ImM- 
KCN (F ig u re s  2 ,9 . and 2 .1 0 )  w h ich  i n h i b i t s  cy toch rom e o x id a s e  
by  980 ( S l a t e r ,  I 95 0 ) , had no e f f e c t  on th e  g ro w th  o f  t h e  y e a s t ,  
p ro d u c t io n  o f  cy tochrom e P -450  o r  th e  ch an g es i n  cy toch rom es
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F ig u re  2 .4 .  The E f f e c t  o f  T r a n s f e r  o f  Y e a s t from  0.^?&. 
t o  l ^ - g lu c o s e  Medium on th e  M ito c h o n d r ia l  C ytochrom es.
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F ig u re  2 .5*  The E f f e c t  o f  T r a n s f e r  o f  Y e a s t  from  
t o  59^-"glocose Medium on Cytochrom e P -450  and Amount o f  Y e a s t
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Figure 2.6. The Effect of Transfer of Yeast from 0.5^ -
to 5 -^glucose Medium on the Mitochondrial Cytochromes.
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F ig u re  2 .7*  The E f f e c t  o f  T r a n s f e r  o f  Y e a s t from  0 .5 ^ -  
t o  2 0 0 -g lu c o s e  Medium on Cytochrom e P -450  and  Amount o f  Y e a s t .
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Figure 2.8. The Effect of Transfer of Yeast from 0.5%-
to 20 -^glucose Medium of the Mitochondrial Cytochromes.
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F ig u re  2 . 9 . The E f f e c t  o f  T r a n s f e r  o f  Y e a s t  from  
0*55^-glucôse t o  200 -g lùG ose  Mediim C o n ta in in g  ImM-KCN on 
Cytochrom e P -450  and Amount o f  Y e a s t,
.rj-^  .
(57).
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Figure 2.10. The Effect of Transfer of Yeast from
0*5^ ~gli^ Q.Pse to 20-^ -glucose Médium Containing ImFI-KClN! on
the Mitochondrial Cytochromes.
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a l r e a d y  d e s c r ib e d .  However^ t r a n s f e r  t o  20$!â-glucpse medium 
c o n ta in in g  50m M ^ io d o ace ta te , w h ich  i n h i b i t s  g l y c o l y s i s  a t  j
h e x o k in a se  (Jo n e s  ^  a l ,  1 9 7 5 )f g ly c e ra ld e h y d e -3 -p h o s p h a te
àd e h y d ro g e n ase  ( L e v i t s k i ,  1974) and a lc o h o l  d e h y d ro g e n ase  1
( H a s i l i k ,  1973) c o m p le te ly  s to p p e d  any g ro w th  o f  th e  y e a s t  o r  
p r o d u c t io n  o f  cy toch rom e P -450  (F ig u re s  2 .1 1  and  2 .1 2 ) ,  The 
c o n c e n t r a t io n s  o f  t h e  m i to c h o n d r ia l  cy to ch ro m es rem a in ed  c o n s ta n t  i 
f o r  6 -8 h  b u t  a f t e r  24h had  d e c re a s e d ,  e s p e c i a l l y  cytochrom e b 
and t h i s  was l i k e l y  t o  be  due t o  d e a th  o f  t h e  y e a s t  a s  a  r e s u l t  ; 
o f  a  l a c k  o f  e n e rg y  p r o d u c t io n .  I t  w ould t h e r e f o r e  a p p e a r  
t h a t  u n d e r  c o n d i t io n s  o f  h ig h  g lu c o s e  c o n c e n t r a t io n s  e n e rg y
p r o d u c t io n  i s  s o l e l y  b y  g l y c o l y s i s ,  a  n o t-u n e x p e c te d  r e s u l t .
Y e a s t was a l s o  t r a n s f e r r e d  t o  2 0 ^ -g lu c o s e  n o n -g ro w th  
medium i ^ e .  2 0 ^ -g lu c o s e  b u f f e r e d  t o  pH 4 .5  w i th o u t  any  y e a s t  
e x t r a c t ,  b a c t e r i o l o g i c a l  p e p to n e  o r  sodium  c h l o r i d e .  Under 
th e s e  c o n d i t io n s  t h e r e  was v e ry  l i t t l e  g ro w th  o f  th e  y e a s t ,  
t h a t  w h ich  d id  o c c u r  was p ro b a b ly  due t o  i n te r m e d ia te s  p r e s e n t
i n  th e  y e a s t  when i t  was t r a n s f e r r e d ,  a  s m a ll  am ount o f
cy toch rom e P -450 was a l s o  form ed (F ig u re s  2*13 and 2 ;1 4 ) .  |
■IThe t r a n s f e r  o f  y e a s t  t o  g ro w th  medium c o n ta in in g  2 0 ^ - t
Ig a la c to s e  a l s o  r e s u l t e d  i n  l i t t l e  g ro w th  o f  t h e  y e a s t  and no i
icy to ch ro m e P -450  was p ro d u c e d . T here  was a l s o  l i t t l e  change
i n  th e  c o n c e n t r a t io n s  o f  th e  m ito c h o n d r ia l  cy to ch ro m es w hich  ;
' ■:w ould seem t o  i n d i c a t e  t h a t  t h i s  p ro c e s s  i s  g lu c o s e  d ep en d e n t 
(F ig u r e s  2 .1 5  and 2 .1 6 ) ,
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F ig u re  2 ,1 1 .  The E f f e c t  o f  T r a n s f e r  o f  Y e a s t from  
0 .5 ^^-g ln co se  t o  2 0 # -g lu c o s e  Medium C o n ta in in g  50mM- 
io d o a c e ta t e  on C ytochrom e P -450  and Amount o f  Y e a s t .
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Figure 2.12. The Effect of Transfer of Yeast from..
0.5 -^glucose to 20 -^glucose Medixoin Containing 5QmM-
iodoacetate on the Mitochondrial Cytochromes.
'-vÿ'rüTajy;-:
' X61):' '  ^ '
Cytochrom e P -450 Y e a s t
(n m o le /g ) (mg/ml)
2.0
1.0
100
0 » I  f ■s.-LL
0 Z 4  6 8 10
Time a f t e r  t r a n s f e r  (h )
24
F ig u re  2 .1 3 .  The E f f e c t  o f  T r a n s f e r  o f  Y e a s t from  
0 .5 ?S -g lu cose Growth Medium t o  2 0 ^ ~ g lu c ose  Non-G row th 
Medium on Cytochrom e P -450 and Amount o f  Y e a s t .
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Figure 2,14. The Effect of Transfer of Yeast from
0.5 -^glucose Growth Medium to 20 -^glucose Non-Growth
Medium on the Mitochondrial Cytochromes,
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F ig u re  2 .15» The E f f e c t  o f  T r a n s f e r  o f  Y e a s t from  
0 .5 ^ - g iu c o s e  t o  2 0 ^ - g a la c to s e  Grow th Mediiim on Cytochrom e P-450 
and Amount o f  Y e a s t .
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Figure 2.16. The Effect of Transfer of Yeast from
0,5 -^gluodse to 200-galactose Growth Medium on the
Mitochondrial Cytochromes.
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2 .3 .2 .  The E f f e c t  o f  G lu co se  and  C y c lic  AMP on Cytochrom e .
P -440  P ro d u c t io n  by  Y e a s t P r o t o p l a s t s
S e v e r a l  w o rk e rs  have  shown t h a t  t h e r e  i s  a  r e c i p r o c a l  
r e l a t i o n s h i p  b e tw een  th e  i n t r a c e l l u l a r  c o n c e n t r a t io n  o f7 
c y c l i c  AMP and th e  C o n c e n tr a t io n  o f  g lu c o s e  i n  th e  g row th  
medium o f  y e a s t .  A lso , a d d i t i o n  o f  c y c l i c  AMP i s  known t o  
rem ove th e  c a t a b o l i t e  r e p r e s s io n  o f  p - g a la c to s id a s e  b io s y n th e s i s  
by g lu c o s e  i n  E s c h e r ic h ia  c o l i  .. (P erlm an  & P a s ta n ,  196 8 b and  
U llm an & Monod, I 9 6 8 ) by  i t s  a c t i o n  a t  th e  p ro m o te r  o f  th e  
l a c  o p e ro n  c a u s in g  s t i m u l a t i o n  o f  t r a n s c r i p t i o n  (be Cfombugghe 
^  a l ,  1 971 )* Pang & Butow (1970) have  shown t h a t  r e v e r s a l  o f 
m ito c h o n d r ia l  r e p r e s s io n  c an  be p ro d u ced  by  in c u b a t in g  y e a s t  
p r o t o p l a s t s  i n  1 0 0 -g lu c o s e  medium c o n ta in in g  c y c l i c  ADAP b u t  
n o t  by  lO 0T g lucose  medium a lo n e  and i t  h a s  b e e n  o b se rv ed  
t h a t  c y c l i c  AMP rem oves c a t a b o l i t e  r e p r e s s io n  o f  a - g lu c o s id a s e  
b i o s y n t h e s i s  by g lu c o s e  i n  y e a s t  p r o t o p l a s t s  (Wiseman & l im ,
1 9 7 4 ) .  ;
I f  p r o t o p l a s t s  made from  y e a s t  w hich  had  p r e v io u s ly  b e e n  
grown i n  0 .5 ^ - g ln c o s e  medium f o r  48h w ere in c u b a te d  i n  a  
medium c o n ta in in g  a  h ig h e r  c o n c e n t r a t io n  o f  g lu c o s e  ( e .g .  5f<>) 
t h e y  p ro d u ce d  cy tochrom e P -450 i n  a  s i m i l a r  m anner t o  w hole 
y e a s t  c e l l s  t r a n s f e r r e d  t o  2 0 0 -g lu c o se  medium a s  d e s c r ib e d  
a b o v e . T h is  p r o d u c t io n  o f  cy tochrom e P -450  was accom panied  
by  g ro w th  o f  th e  p r o t o p l a s t s  and a  d e c re a s e  in  th e  c o n c e n t r a t io n  
o f  cy tochrom e o x id a s e  (F ig u re s  2 .1 7  and 2 .1 8 ) .  I n c u b a t io n  
o f  p r o t o p l a s t s  i n  30^g luoo8e  medium c o n ta in in g  lOmP/I-cyclic 
AMP r e s u l t e d  i n  a  d e c re a s e  i h  th e  amount o f  cy tochrom e P -450; - i. 7  ■ . ;
j,..;
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F ig u re  2 .1 7 .  The E f f e c t  o f  I n c u b a t io n  o f  Y e a s t • 
P r o t o p l a s t s  i n  50-giMCOse Mediuhi on Cytochrom e P-450 
and Amount o f  P r o t o p l a s t s .
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Figure 2.18^  The Effect of Incubation of Yeast
Protoplasts in ,5 -^glucose Medium on thé Mitochondrial
Cytochromes.
' (68) '5
p ro d u ce d  a l th o u g h  g ro w th  o f  th e  p r o t o p l a s t s  and t h é  changes 
i n  th e  m i to c h o n d r ia l  cy to ch ro m es w ere u n a f f e c te d  (F ig u re s  2 .1 9  
and 2 .2 0 ) .  T h is  e f f e c t  a p p e a rs  t o  be s p e c i f i c  f o r  c y o l iq  
s in c e  in c u b a t io n  o f  p r o t o p l a s t s  i n  ^ ^ -g lu c o s e  medium c o n ta in in g  
lOmMT-adendsine 5 ' -p h o s p h a te  (5*-AMP) (F ig u re s  2 .2 1  and 2 .2 2 )  
o r  lOmM-radenosine 2 ( 3 * ) -p h o s p h a te  (m ixed iso m e rs )  ( 2 * - ( 3 * ) -  
AMP) (F ig u re s  2 .2 3  end 2 .2 4 )  d id  n o t  p ro d u ce  any  s i g n i f i c a n t  
e f f e c t  on cy tochrom e P t450  p ro d u c t io n .
C y c lo h ex iia id e  (lO m g /l) o r  a c tin o m y c in  0 (8 0 m g /l) a d d e d ' 
a t  z e ro  tim e  p re v e n te d  th e  a p p e a ra n c e  o f  cy toch rom e P -4 5 0 .
The a c t i o n  o f  a c tin o m y c ih  D was p resu m ab ly  t o  p r e v e n t  th e  
t r a n s c r i p t i o n  o f  th e  g e n es  f o r  cy tochrom e P--450 s y n t h e s i s ,  
a l th o u g h  i t  c a n n o t be  r u l e d  o u t t h a t  t h i s  may be  an  i h d i r e c t  
e f f e c t  th ro u g h  haem s y n th e s i s  i f  t h a t  w ere t o  b e  l i m i t i n g .
A c o m p a riso n  o f  th e  e f f e c t s  o f  c y c l i c  AMP on cy tochrom e 
P-.450 p r o d u c t io n  w ith  th e  c o n t r o l  e x p e r im e n t i s  g iv e n  i n' -, ' ■ I
F ig u re  2 . 2 5 » th e  d i f f é r e n c e  b e tw een  th e s e  r e s u l t s  a f t e r  6h J: : \  . j
o f  in c u b a t io n  was s i g n i f i c a n t  a c c o rd in g  t o  t h e  S tu d e n t* s  1
-  . !t - t e s t  (P < 0 .0 1 ) .
i
I f  th e  c o n c e n t r a t io n  o f  g lu c o s e  i n  th e  medium was in c r e a s e d  : 
t o  20^ th e n  th e  am ount o f  cy tochrom e P -450 p ro d u ced  was l e s s
th a n  t h a t  p ro d u ced  i n  ^ ^ -g lu c o s è  medium (F ig u re s  2» 26 and
- ■ ■■' : ■ ■ ■ i2 . 2 7 ) .  T h is  was p ro b a b ly  due  t o  an  o sm o tic  e f f e c t  o f  th e
h ig h  g lu c o s e  c o n c e n t r a t io n  on th e  p r o t o p l a s t s .
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Figure 2,20. The Effect of Incubation of Yeast
Protoplasts in .^^ g^lucose Medium Containing lOmM-cyclic
AMP on the Mitochondrial Cytochromes.
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F ig u re  2 .2 1 .  The E f f e c t  o f  In c u b a t io n  o f  Y e as t 
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(nmole/g)
(72)
(nmole/g)
C ytochrom e bCytochrom e
O xidase20
10
J
0 2 üf 6 8 10 24
20
C ytochrom e c
10
/ —-~o
0 2 4 6 8 10 24
C ytochrom e c
24
Time o f  in c u b a t io n  (h )
Figure 2.22. The Effect of Incubation of Yeast
Protoplasts in 6 -^glucose Medium Containing 10mM~5*~AMP on
the Mitochondrial Cytochromes.
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F ig u re  2 .2 3 .  The E f f e c t  o f  In c u b a t io n  o f  Y e a s t 
P r o t o p l a s t s  i n  5%™glucose Medium C o n ta in in g  10mM-2'-. (3 ' )-&?&? 
on Cytochrom e P -450  and Amount o f  P r o t o p l a s t s .
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Figure 2.24, The Effect of Incubation of Xeast
Protoplasts in 5 -^gluc6se Médium Containing 10hi]Vî«2*-(3V)-AMP
on the Mitochondrial Cytochromes.
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F ig u re  2 .2 5 .  A C om parison  o f  th e  E f f e c t  on Cytochrom e 
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P r o t o p l a s t s  i n  2 0 ^ -g lu c o s e  Medium on C ytochrom e P-450 and 
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Figure 2.2?. The Effect of Incubation of Yeast
Protoplasts in 20%-gluco8e Medium on the Mitochondrial
Cytochromes.
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I t  w ould t h e r e f o r e  a p p e a r  t h a t  th e  p r o d u c t io n  o f  cy tochrom e 
P-4 5 0  i n  y e a s t  i s  c o n t r o l l e d  by  th e  i n t r a c e l l u l a r  
c o n c e n t r a t io n  o f  c y c l i c  AMP and t h a t  t h i s  i s  i n  t u r n  
d e p e n d e n t on th e  g lu c o s e  c o n c e n t r a t io n  o u ts id e  th e  c e l l .
I t  sh o u ld  be p o in te d  o u t t h a t  t h i s  i s  a  n e g a t iv e  e f f e c t  o f  
c y c l i c  AMP on th e  t r a n s c r i p t i o n  o f  mRNA p r i o r  t o  th e  s y n th e s i s  
o f  p r o t e i n ,  w hich  i s  u n iq u e . B u t i t  sh o u ld  be n o te d ^  how everp 
t h a t  t h e r e  i s  th e  p o s s i b i l i t y  t h a t  some p ro m o te rs  may have  
th e  r e v e r s e  r e q u ire m e n ts  f o r  t r a n s c r i p t i o n  s t a r t  and  s to p  
o p e r a t i o n s , com pared w ith  t h e  c l a s s i c a l  l a c  o p e ro n  o f E. co l i .  
O th e r  n e g a t iv e - ty p e  e f f e c t s  have been  r e p o r t e d ,  f o r  exam p le , 
th e  p r o d u c t io n  o f  se x  p i l l  i s  i n h i b i t e d  i n  iW .Z . c a r r y in g
d e - r e p r e s s e d  se x  f a c t o r s  (Harwood & M e y n e li, 1973)^ T h is  
n eed  n o t  be  a  d i r e c t  e f f e c t  on th e  t r a n s c r i p t i o n  o f  th e  geneS  
in v o lv e d  i n  p i l u s  p ro d u c t io n  how ever, b u t  c o u ld  be an  i n d i r e c t  
e f f e c t  o f  c y c l i c  AMP o f  th e  b a c t e r i a l  c e l l  e n v e lo p e . C y c lic  
AMP c an  a l s o , . u n d e r  some c o n d i t i o n s ,  s u p p re s s  th e  in d u c t io n  
o f  a n t ib o d y  s y n th e s i s  i n  m ale  s p ie e n - r c e l l  c u l t u r e s  (B o s in g -  
S c h n e id e r ,  1 9 7 5 ) ,
C y c lic  CMP h a s  b e en  r e p o r t e d  to  i n h i b i t  th e  b io s y n th e s i s  
o f  p - g a la c to s id a s e  and t ry p to p h a n a s e  i n  E . c o l i  g row ing  i n  
m in im al medium on g lu co S e  o r  g ly c e r o l  v i a  t r a n s c r i p t i o n  by  
b in d in g  t o  th e  p ro m o te r  o f  th e  c y c l i c  AM P-binding p r o t e i n ,  
i n  c o m p e ti t io n  w ith  cyclioAM P (A rtm an & W ertham er, 197^) and 
i s  a n t a g o n i s t i c  w i th  c y c l i c  AMP i n  some mammalian s y s te m s . 
E x p e rim e n ts  i n  th e  p r e s e n t  s tu d y  i n  w hich  p r o t o p l a s t s  w ere  
in c u b a te d  i n  a  medium c o n ta in in g  0 . 5/^~glucose and  lOmM-
(79) : »
c y c l i c  GMP d id  n o t  how ever c o n s i s t e n t l y  show an  a n t a g o n i s t i c  
r e l a t i o n s h i p  b e tw een  c y c l i c  AMP and c y c l i c  GMP i n  t h i s  sy s tem  
s in c e  u n d e r  th e s e  c o n d i t io n s  p ro d u c t io n  o f  cy toch rom e P -450  
c o u ld  n o t  be r e p r o d u c ib ly  s t im u la te d .
(80)
CHAPTER 3 .
The M etabo lism  o f  Berizo (a )p y re n e  
c e r e y i s i a e . '
3 . The M etabo lism  o f  B e n z o (a )p y re n e  by Saccharom yces c e r e v i s i a e  :
■ ■ ' i
I3 . 1 . I n t r o d u c t io n- - I
The m e tab o lism  o f  b e n z o (a )p y re n e  by th e  a r y l  h y d ro c a rb o n  5
,  ih y d ro x y la s e  from  Saccharom yc e s  c e r e v i s i a e  was i n v e s t i g a t e d  j
u s in g  two d i f f e r e n t  t e c h n iq u e s .  The f lu o r o m e tr ic  a s s a y  f o r  ;
th e  fo rm a t io n  o f  th e  h ig h ly  f l u o r e s c e n t  m e ta b o l i t e ,  3~ h y d ro x y - j
' !
b e n z o ( a ) p y r e n e , was u sed  t o  m easure  th e  M ic h a e lis -M e n te n  ;
p a ra m e te rs  o f  th e  enzyme a f t e r  v a r io u s  p r e t r e a tm e n ts  and ;
a l s o  t o  m easure  o th e r  p a r a m e te r s , such  a s  th e  pH optimum, 
th e rm a l  s t a b i l i t y ,  t im e  c o u rs e  and th e  e f f e c t s  o f  ch an g in g  
p r o t e i n  and c o f a c to r  c o n c e n t r a t io n s .  I t  was a l s o  fo u n d  t h a t  
NAbPH c o u ld  be r e p la c e d  a s  c o f a c to r  by cumene h y d ro p e ro x id e .
■ 'i
A s o l u b i l i s e d  and a  s o l u b i l i s e d  and im m o b ilise d  enzyme
jp r e p a r a t i o n  was a b le  t o  m e ta b o l is e  b e n z o (a )p y re n e  w ith
cumene h y d ro p e ro x id e  a s  th e  c o f a c to r .  j
iThe second  te c n n iq u e  u sed  t o  i n v e s t i g a t e  th e  m e tab o lism  ?
o f  b e n z o (a )p y re n e  was t h a t  o f  t h i n - l a y e r  and h ig h - p r e s s u r e  Ifl i q u i d  ch ro m a to g rap h y . T hese  m ethods showed t h a t  b e s id e s -I
3~ h y d ro x y b en z o (a )p y re n e  o th e r  m ajo r m e ta b o l i te s  p ro d u ced  i
w ere 9-h y d ro x y b e n z o (a )p y re n e  and 7 , 8- d ih y d r o - 7 , 8-d ih y d ro x y -  
b e n z o (a )p y re n e  ( 7 , 8- d i h y d r o d i o l ) .
3 .2 .  M a te r ia l s  and .M ethods  —-,—    ----
3 . 2 . 1 . The P r e p a r a t io n  o f  Y e a s t 5♦QOOxg S u p e rn a ta n t  and 
M icrosom es
Y e as t was grown i n  2 0 ^ -g lu c o s e  medium c o n ta in in g  sod ium  ;• ■ , , ■_ ■ ■ ‘ ' , , . : .i
C h lo r id e  ( 5 g / l ) ,  y e a s t  e x t r a c t  ( l O g / l ) and h a c t e r i o l p g i c a l  f
p e p to n e  ( 2 0 g / l )  a s  d e s c r ib e d  above f o r  4 8 h . At th e  end o f  i
t h i s  tim e  th e  y e a s t  was h a r v e s te d  by  c e n t r i f u g a t i o n  f o r  lOmin 
a t  f u l l  sp eed  i n  a  MSE b en ch  c e n t r i f u g e  and t r a n s f e r r e d  t o  a  
w a te r - c o o le d  V ib ro m ill  d i s r u p t e r  (Edmund B d h le r ,  T ü b in g en ,
Germany) w here i t  was sh ak en  w ith  a p p ro x im a te ly  3 volum es 
o f  g l a s s  b ead s  o f  d ia m e te r  1 .0 0  t o  1 . 05mm (B . B rau n , M elsungen , 
Germany) f o r  a  t o t a l  o f  6m in , th e  d i s r u p t e r  b e in g  s to p p e d  
a f t e r  Im in  t o  to p  up w ith  g l a s s  b e a d s . At th e  end o f  t h i s  
tim e  th e  g l a s s  b e ad s  w ere w ashed w ith  i c e - c o ld  O .lM -T ris/H G l 
b u f f e r ,  pH 7 .0  and th e  w ash in g s  c e n t r i f u g e d  a t  6 , obOrpm 
(5 ,0 0 0 x g ) f o r  lOrain i n  a  MSE H igh Speed 18 c e n t r i f u g e .
I n  a  t y p i c a l  e x p e r im e n t 100ml o f  medium w ould y i e l d  5g  o f  
y e a s t  and th e  w ash in g s  w ould have  a  volum e o f  a p p ro x . 12m l> 
a f t e r  c e n t r i f u g a t i o n  t h i s  w ould g iv e  10ml o f  s u p e r n a ta n t .
I f  m icrosom es w ere  r e q u i r e d  t h i s  lOml o f  s u p e r n a ta n t  was 
c e n t r i f u g e d  i n  a Beckman 1 5 -6 5  U l ta c e n t r i f u g e  a t  5d,000rpm  
( l 6 0 , 90 pxg^^) f o r  40m in, th e  m ic ro so m al p e l l e t  was th e n  r e -  
su sp en d e d  in  b u f f e r  by  hand  u s in g  a  P O tte r -E lv e h je m  
h o m o g e n ise r .
The m ethod o f  c a lc iu m  p r e c i p i t a t i o n  o f  m icrosom es a s  
d e s c r ib e d  by  Schenkman & C i n t i  (1972) was i n v e s t i g a t e d  a s  
a  p o s s ib l e  r a p id  m ethod f o r  p r e p a r in g  y e a s t  m ic ro som es.
(83)
The 5 ,0 0 0 x g  s u p e r n a ta n t  was made 8mM w ith  r e s p e c t  t o  c a lc iu m  
io n s  and  sp u n  a t  1 5 ,0 0 0 x g  ( l l ,0 0 0 rp m )  i n  a  MSE H igh Speed 18 
c e n t r i f u g e  f o r  lO m in. Only a p p ro x . o f  th e  cy tochrom e 
P-4 5 0  p r e s e n t  was found  t o  be  i n  th e  p e l l e t ,  th e  r e s t  re m a in in g  
i n  th e  s u p e r n a t a n t .  A d d it io n  o f  more c a lc iu m  fo llo w e d  by  
a n o th e r  c e n t r i f u g a t i o n  b ro u g h t down more cy toch rom e P -450  
i n t o  th e  p e l l e t  b u t  some enzyme was s t i l l  p r e s e n t  i n  th e  
s u p e r n a t a n t .  T h is  m ethod was t h e r e f o r e  n o t  em ployed a s  a  
means o f  m aking y e a s t  m ic ro som es.
Cytochrom e P -450  was m easu red  by  th e  m ethod o f  Omura ^  ^  
(1 965 ) ,  th e  sp e c tru m  p ro d u ced  by  y e a s t  m icrosom es was d i f f e r e n t  
t o  t h a t  p ro d u ced  by  w hole y e a s t  i n  t h a t  t h e r e  was n o t  a  p eak  
a t  420nm (F ig u re  3*1) •> P r o t e in  was m easu red  b y  th e  m ethod 
o f  Lowry e t  a l  ( I 9 5 1 ) .
3 . 2 . 2 . The M easurem ent o f  M ito c h o n d r ia l  Cytochrom e O x idase
M ito c h o n d r ia l  cy tochrom e o x id a se  was m easu red  by  a  m ethod 
m o d if ie d  from  t h a t  o f  Y o n e ta n i ( I 96 7 ) .  Cytochrom e c (lOOmg) 
was f i r s t  re d u c e d  by  d i s s o l v i n g  i n  10ml o f  0 . O lM -phosphate 
b u f f e r ,  pH 7 .0  c o n ta in in g  ImM-EDTA and a d d in g  a  s o l u t io n  
o f  a s c o r b ic  a c id  n e u t r a l i s e d  w ith  KOH t o  g iv e  a  p a le  p in k  
c o lo u r .  T h is  s o l u t i o n  was th e n  d ia ly s e d  i n  v i s k in g  tu b in g  
a g a in s t  100ml o f  b u f f e r  f o r  2 4 h , th e  b u f f e r  changed  and t h e  
s o l u t i o n  d ia ly s e d  f o r  a  seco n d  24h p e r io d .  The re d u c e d  
cy toch rom e 0 s o l u t i o n  was th e n  s a t u r a t e d  w ith  n i t r o g e n  and 
s to r e d  i n  th e  c o ld .  To m easu re  cy tochrom e o x id a s e  a c t i v i t y  
lOOpl o f  th e  re d u c e d  cy toch rom e c s o l u t i o n  was p u t  i n to  e a c h
- -• ' ^ •,>. •
(84)
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o f  two s p e c tro p h o to m e te r  c u v e t te s  c o n ta in in g  3 îtl  o f  0 . OlM- 
p h o sp h a te  b u f f e r , pH 6 • 0 c o n ta in in g  Iml^-EDTA and p la c e d  i n  
a  Pye Unlcam SP1800 s p e c tro p h o to m e te r .  The r é a c t i o n  was 
i n i t i a t e d  by  th e  a d d i t i o n  o f  50p l  o f  t h e  enzyme sam ple a n d  
th e  in c r e a s e  i n  a b so rb a n c e  a t  55Qnm r e c o r d e d .  The m easurem ent 
was c a r r i e d  o u t a t  37^0 and th e  d i f f e r e n t i a l  e x t i n c t i o n
c o e f f i c i e n t  u sed  be tw een  re d u c e d  and o x id is e d  cy tochrom e c 
was I 9 . 61UM"’ ‘.cm’ 
f o r  each  sam ple
*1 *1l9.6raM“ • "’ . At l e a s t  s i x  d e te r m in a t io n s  w ere made
3 . 2 . 3 . The._Measuremenb o f  A ry l H y d rp c a rb p n ^ H ^ ^  j
A ry l h y d ro c a rb o n  h y d ro x y la s e  a c t i v i t y  was d e te rm in e d  :
by  a  m ethod m o d if ie d  from  t h a t  o f  Dehnen e t  a l  (1973)  ^ E ach  ^
' i
i n c u b a t io n  c o n ta in e d  0 , $ml o f  3 , OOOxg s u p e r n a t a n t , 0 , o f  ]
O .lM -T ris /H C l b u f f e r ,  pH. 7 -0  and an N A D PH -regenerating  sy s te m  '!
;  I
g iv in g  f i n a l  c o n c e n t r a t io n s  o f  4mM-NADP, 20m M -D-glucosé^i6- i
p h o sp h a te  and 8 u n its ^ D ~ g lu c o s e -6 -p h o s p h a te  d e h y d ro g e n a se . ;■ : ; , , iWhen HADPH was r e p la c e d  by  cumene h y d ro p e ro x id e  th e  l a t t e r  ;
was u se d  a t  a  c o n c e n t r a t io n  o f  2*4mM. The f i n a l  
c o n c e n t r a t io n  o f  cy tochrom e P -450 was u s u a l l y  a p p ro x .
The r e a c t i o n  was s t a r t e d  by  th e  a d d i t i o n  o f  b e n z o (a )p y re n e  
from  a  s to c k  s o l u t i o n  o f  2mg/ml i n  a c e to n e  t o  g iv e  a  f i n a l  
c o n c e n t r a t i o n  up t o  3l6uM and in c u b a te d  a t  37°G f o r  I h .
The r e a c t i o n  was s to p p e d  by  a d d in g  1ml o f  i c e - c o l d  a c e to n e  
and th e  p r e c i p i t a t e d ,  p r o t e i n  rem oved by  c e n t r i f u g a t i o n  i n  a  
P ic c o lo  c e n t r i f u g e  (H eraeus C h r i s t ,  GmbH) a t  f u l l  sp eed  f o r
- y '  ' :  ' -   ^ -  . " V  ' j(86) : i
. J
5m in. A 0 .6m l sam ple  o f  t h i s  50^ -a o e tn n e  s o l u t i o n  was th e n  ;
p la c e d  w ith  1 .4 m l o f  1 0 .7 ^ - t r i e th y l a m in e  ( v /v )  s o l u t io n  i n  
a  f l u o r im e t e r  c u v e t te  and sc an n e d  from  500 t o  560nm e m is s io n  ;
(467nm e x c i t a t i o n )  i n  a  P e r k in  E lm er MPF3 f lu o r e s c e n c e  
s p e c tro p h o to m e te r  t o  f i n d  th e  p eak  h e ig h t  a t  520nm. The 
f lu o r e s c e n c e  was c a l c u l a t e d  r e l a t i v e  t o  lO^g q u in in e  s u l p h a t e /  
ml 2 M -su lp h u ric  a c id  , v /hich was i n  t u r n  c a l i b r a t e d  a g a i n s t  - 
a  s ta n d a r d  l -b y d ro x y b e n z o (a )p y re n e  s o l u t i o n .
The d i r e c t  f lu o r o m e tr i c  a s s a y  f o r  b e n z o (a )p y re n e  :
: . \  .. . - : - ' '  ih y d ro x y la s e  r e p o r t e d  by Y ang & K icha  (1978) w as a tte m p te d
b u t  t h i s  m ethod was n o t  s u c c e s s f u l  i n  t h e  y e a s t  sy s te m , p ro b a b ly
b e c a u se  i t  was n o t  s u f f i c i e n t l y  s e n s i t i v e .
3 .2 ,4 .  The S o l u b i l i s a t i o n  a n d I mittobi l i s a t i o n  o f  Y e a s t  
C ytochrom e P-^MQ j
The m ethod u se d  t o  s o l u b i l i s e  y e a s t  cy toch rom e P-^450
- - \  ' y' 3was m o d if ie d  from  t h a t  o f  Y o sh id a  ^  a l  (1977) » sodium  c h o la te ,
EDTA and d i t h i o t h r e i t o l  w ere d i s s o lv e d  i n  5 ,  OOOxg s u p e r n a ta n t  ^
t o  g iv e  f i n a l  c o n c e n t r a t io n s  o f  1 ^ , 0 , 05^  ahd  0 . 03^  (w /v)
r e s p e c t i v e l y .  The s o l u t i o n  was th e n  m ixed on  a  r o l l e r - m i x e r  !
i n  a  s to p p e re d  t e s t - t u b e  a t  4°C f o r  I h  and  th e n  sp u n  a t
l6 0 ,9 0 0 x g  f o r  40m in , In  a  t y p i c a l  e x p e r im e n t ,  a p p r o x . .5 0 ^
o f  th e  o r i g i n a l  cy tochrom e P -450  was r e c o v e r e d ,  a l l  o f  i t
■ ■ '  , ■ '  '  ■ i
b e in g  i n  th e  s u p e r n a t a n t .
V a rio u s  m a t e r i a l s  w ere t r i e d  a s  s u p p o r ts  f o r  im m o b ilis in g  
cy tochrom e P -450 once i t  had  b e en  s o l u b i l i s e d ,  th o s e  w h ich
-i ■’ (87)
w ere fo u n d  t o  be  u n s u i t a b l e  w ere oarboxym ethy l~  and DEAE- 
c e l l u l o s e ,  DEAE-Sephadex and t i t a n iu m  o x id e  b e a d s . Cytochrom e 
P«/f50 c o u ld  be s u c c e s s f u l l y  im m o b ilise d  o n to  m io r d c r y s t a l l in e  
c e l l u l o s e  a s  h a s  b e en  shown p r e v io u s ly  ( J .  G o n d a l, u n p u b lis h e d  
w o rk ) . A t y p i c a l  exam ple o f  an  im m o b il is a t io n  i s  a s  f o l lo w s ;  
10ml o f  5 »000xg s u p e r n a ta n t  was s o l u b i l i s e d  a s  d e s c r ib e d  
above b u t  n o t  c e n t r i f u g e d ,  1 . 5s  o f  c e l l u l o s e  was added t o  
th e  s o l u t i o n  and th e n  m ixed f o r  I h  on a  r o l l e r - r a i x e r .  
C r o s s - l in k in g  was a c c o m p lish e d  by a d d in g  30Qpl o f  0.25M-“ 
g lu ta r a ld e h y d e  s o l u t i o n  ( f i n a l  c o n c e n t r a t io n  was y.gmM) and 
m ix in g  f o r  a  f u r t h e r  I h  a f t e r  w hich  tim e  th e  c e l l u l o s e  was 
s e p a r a te d  by c e n t r i f u g i n g  i n  a  MSE H igh Speed 18 c e n t r i f u g e  
a t  1 2 ,0 0 0 x g  (10 ,000rpm ) f o r  lO m in. From l , 5 g  o f  d ry  c e l l u l o s e  
a p p ro x im a te ly  6g o f  im m o b ilise d  enzyme was p ro d u c e d , th e  
c o n c e n t r a t io n  o f  cy tochrom e P-430 was 0 ,4 ^ n m o le /g  c e l l u l o s e ,  
w hich  r e p r e s e n te d  7^^ o f  th e  o r i g i n a l  amount o f  th e  enzym e.
E n trap m en t i n  p o ly ac rj'-lam id e  g e l  was a l s o  a tte m p te d  b u t  
t h i s  was u n s u c c e s s f u l ,  th e  m ethod u sed  t o  make th e  g e l  was 
t h a t  o f  H ick s & U pdike ( I 9 6 6 ) .  P o ly m e r is a t io n  was i n i t i a t e d  
by means o f  e i t h e r  p o ta s s iu m  p e r s u lp h a te  and r i b o f l a v i n  o r  
p o ta s s iu m  p e r s u lp h a te  and N ,N ,N * ,N * ~ te tra m e th y le th y le n e d ia m in e  
(TEMED). U n f o r tu n a te ly  no cy tochrom e P -4^0  c o u ld  be d e te c te d  
i n  th e  g e l .
- '/ ': / - : " y - 'y(B8) V '.. " i
3 . 2 . 5 . The: S e o a r a t io n  and I d e n t i f i c a t i o n :.o f  t h e  BenzbliaVpyrene 
M e ta b o l i te s  Formed by Y e a s t A ry l H ydrocarbon  H y d ro x y lase  '
P r e l im in a r y  e x p e r im e n ts  w ere p e rfo rm ed  u s in g  t h i n - l a y é r  
ch ro m ato g rap h y  t o  s e p a r a te  th e  m e ta b o l i te s  fo rm ed  by th e  
y e a s t  enzyme. The in c u b a t io n  c o n s i s te d  o f  0 .5 m l o f  5 ,0 0 0 x g  
s u p e r n a ta n t  ( f i n a l  cy tochrom e P-t45 0 c o n c e n t r a t i  bn ; was 
0 .3 n m 6 le /m l) , 0 . 5ml o f  0 . IM -T ris /H G l b u f f e r ,  pH 7^0^  a NADPH- 
r e g e n e r a t in g  sy s tem  c o m p ris in g  o f  4mM-NADP, 21mM-D^gluco s é r é ­
p h o sp h a te  and 8 u n i t s  o f  D -g lu e o s e -é -p h o s p h a t  è dehydr.bgenase 
and lOjiCi o f  - b e n z o ( a )p y re n e  i n  2jil o f  t o lu e n e .  The
s p e c i f i c  a c t i v i t y  o f  th e  b e n z o (a )p y re n e  was 24Ci/nrarole and 
5m C i/m l. The c o n t r o l  c o n s i s t e d  o f  th e  above e x c e p t  t h a t  
b o i le d  5 pOOOxg s u p e r n a ta n t  was u se d . The m ix tu r e s  werb 
in c u b a te d  a t  37^0 f o r  I h  and t h e n  e x t r a c t e d  t h r e e  t im e s  w ith  
2ml o f  i c e - c o l d  e th y l  a c e t a t e ,  t h i s  e x t r a c t  w as e v a p o ra te d j 
t o  d ry n e s s  i n  a  r o t a r y  e v a p o r a to r  and th e  r e s i d u e  d i s s o lv e d  
i n  5 0 p l o f  a c e to n e .  T h is  s o l u t i o n  was s p o t t e d  o n to  a  G15Ô0 
S i l i c a  G el p l a t e  ( S c h le ic h e r  and S c h ü l l ,  W. Germany) and ru n  
in .b e n z e n e :e th a n o l  ( 9 : 1 ) .  The r a d i o a c t i v i t y  on th e  p l a t e  ' 
was d e te c te d  by m eans o f  a  D u n n sch ich t S c a n n e r  I I  LB 2723  
( B e r th o ld ,  Germany) s c a n n in g  a t  300mra/h on r a n g e  Ic p s  and 
t im e  c o n s ta n t  lO se c  (F ig u re  3 * 1 4 ).
A f te r  th e s e  i n i t i a l  e x p e r im e h ts  u s in g  t h i n - l a y e r  
ch ro m ato g rap h y  th e  m e ta b o l i te s  w ere i d e n t i f i e d  mbre r e l i a b l y  
u s in g  h ig h - p r e s s u r e  l i q u i d  ch ro m a to g rap h y . E ach  in c u b â t ib n  
c o n s i s t e d  o f  2ml o f  5 , OOOxg s u p e r n a ta n t ,  a  N A D P H -regenerating  
sy s tem  c o m p ris in g  o f  2mM-NADP, 1 OmM-D-glueosë - 6 -p h o sp h a te
and 8 u n i t s  o f  D -g lu cp se -6 -rp h o sp h a te  d e h y d ro g e n ase  and lO pG i 
o f  [G~^h| - b e n z o ( a ip y r e n e .  ; I n c u b a t io n  was f o r " 2 • 5h a t  3?°Gc 
a f t e r  w hich  tim e  th e  m e ta b o l i te s  w ere e x t r a c t e d  tw ic e  w ith  
5ml o f  i c e - c o l d  e t h y l  a c e t a t e  w hich  was th e n  f i l t e r e d  th ro u g h  
a  5)mi M i l l ip o r é  f i l t e r  and r o t a r y  e v a p o ra te d  t o  d r y n e s s /  
th e  r e s id u e  b e in g  r e d i s s o lv e d  i n  50p l  o f  a c e to n e *  T h is  e x t r a c t  
was th e n  a p p l ie d  t o  a  P hase  S e p a ra t io n s  QDS colum n i n  a  
L a b o ra to ry  D a ta  C o rp o ra t io n  ( R iv ie r a  B each , F l o r i d a /  USA) 
h ig h ~ p re sS u re  l i q u i d  c h ro m a to g ra p h / The m e ta b o l i t e s  w ere 
e lu t e d  w ith  a  m e th an o l : w a te r  g r a d i e n t  l i n e a r  from  50 i^  t o  
80^ i n  50m in , th e  f lo w  r a t e  was 1 m l/m in . Sam ples w ere c o l l e c t e d  
e v e ry  h a l f - m in u te  i n  a  LKB 7 OOO f r a c t i o n  c o l l e c t o r  and  c o u n te d  
i n  a  P a c k a rd  T r i-G a rb  S c i n t i l l a t i o n  S p e c tro m e te r  u s in g  to lu e n e r  
m e ta p o l (2 :1 )  s c i n t i l l a n t  c o n ta in in g  Ô<>5)^  (w /v)
2 , 5 -d ip h e n y lo x a z o le  (PPQ) and 0 .0 2 ^  (w7^) l /^ r^ b is -B -  
(4 -m ethy  1-5" 'p h e n y lo x a z b ly l  ) -b eh z o n e  (d im e th y l POPGP). The 
colum n was s im u lta n e o u s ly  c a l i b r a t e d  w ith  u n ia b e T le d  s ta n d a r d s  
w hich  w ere d e te c te d  by t h e i r  a b so rb a n c e  a t  u s in g  a
UV d e t e c t o r  (F ig u re  3*15)*
3 . 2 . 6 . M a te r ia l s
B a c t e r i o l o g ic a l  p e p to n e  was o b ta in e d  from  D ifc o  L ab s , i
D e t r o i t ,  M ic h ig a n , USA and cy to c h ro m e -c  was s u p p l ie d  b y , j
The B o e h r in g e r  C o rp o ra t io n  (London) L t d . , L ew es, E; S u s se x . :
N ic o tin a m id e  a d e n in e  d i n u c l e o t id e  p h o sp h a te  (NADP) ,  p - g l u c o s e -  ,
6 -p h o s p h a te ,  D -g lu c o s e -o -p h o s p h a te  d e h y d ro g e n a se , m ic ro -  
c r y s t a l l i n e  c e l l u l o s e ,  TEMED, p o ta s s iu m  p e r s u l p h a t e ,  r i b o f l a v i n  1
and u n la b e l l e d  b e n z o (a )p y re n e  w ere o b ta in e d  from  The Sigm a ?
: -  (90)
C hem ical Company (London) L t d . , P o o le , D o r s e t .  Cumene 
h y d ro p e ro x id e  (80^^ i n  cumene) was s u p p l ie d  b y  M erck, M unich. 
C a rb o x y m eth y l- and  D É A E -ce llu lo se  w ere s u p p l ie d  by  Whatman 
Lab S a le s  L t d . ,  M a id s to n e , K e n t, DEAE-Sephadex by  P h a rm ac ia  
(G re a t B r i t a i n )  L t d . , London and t i t a n iu m  o x id e  b e ad s  by  
BTP T io x id e  L t d . , B il l in g h a m , C le v e la n d . G lu ta ra ld e h y d e  '
(Z^ fo f o r  e l e c t r o n  m ic ro sc o p y ) was s u p p l ie d  b y  BDH C hem ica ls  
L t d . , P o o le , D o r s e t .  - b e n z o (a )p y re n e  was o b ta in e d
from  The R a d io c h em ica l C e n tr e ,  Amersham, B u ck s. PPO and  
d im e th y l POPGP w ere  s u p p l ie d  by  The P a c k a rd  In s tru m e n t  Co*
I n c . ,  I l l i n o i s ,  USA and m e ta p o l was o b ta in e d  from  Durham 
C hem ica ls  D i s t r i b u t o r s  L t d . , B i r t l e y ,  Tyne & W ear.
3®3* R e s u l ts  and D is c u s s io n
3•3* i • The F a te  Of Cytochrom e P-450 D u rin g  Y e a s t  D is f u p t io n  
and S u b c e l lu l a r  F r a c t i o n a t i o n
F ig u re  3 .2  shows th e  p ro c e d u re  f o r  a  t y p i c a l  d i s r u p t i o n  
o f  th e  y e a s t  from  100ml o f  2O 0^glucose g ro w th  medium a f t e r  
g row ing  f o r  4 8 h . The y i e l d s  o f  cy tochrom e P -4 5 0  and p r o t e i n  
from  su c h  a  p ro c e d u re  a re  g iv e n  i n  T a b le  3 .1 »  th e  o v e r a l l  
r e c o v e ry  o f  cy tochrom e P-450 from  t h a t  i n  t h e  w hole y e a s t  
was 2^1  ^ w i th  th e  g r e a t e s t  l o s s  b e in g  a t  th e  d i s r u p t i o n  s t a g e ,  
p resu m ab ly  a s  a  r e s u l t  o f  l o c a l i s e d  h e a t in g  d u r in g  t h i s  
p r o c e s s .  The r e c o v e r y  d u r in g  th e  c e n t r i f u g a t i o n  p ro c e d u re s  
was 4 1 ^ . The t a b l e  a l s o  g iv e s  v a lu e s  f o r  t h e  s p e c i f i c  a c t i v i t y  
o f  cy toch rom e P -450  i n  th e  v a r io u s  f r a c t i o n s  and i t  c a n  be 
s e e n  t h a t  t h i s  i n c r e a s e s  by a p p ro x im a te ly  t h r e e  t im e s  a s  a  
r e s u l t  o f  m aking th e  m ic ro so m al p e l l e t .
' / (91)
/'yT^ .' "'.
P e l l e t
5ml b u f f e r
Yeast (5.3g) .0 ,5g  a s sa y e d
D is ru p te d  
Whole
D is r u p ta te 2ml a s sa y e d
5 , OOOxg f o r  lOmin
2ml a s sa y e d
S u p e rn a ta n t  (7m l)
5ml b u f f e r
5 , OOOxg
S u p e rn a ta n t  (12ml ) —— 2ml a s sa y e d
l6 0 ,9 Q 0 x g  f o r  40m in
M icrosom al
P e l l e t
5ml b u f f e r
M icrosom al 
S u p e r n a t a n t '\2ml a s sa y e d
M icrosom al
S u sp e n s io n/2ml a s sa y e d
F ig u re  3 .2 ,  A T y p ic a l  P ro c e d u re  F o r The D is r u p t io n  and 
S u b c e l lu l a r  F r a c t i o n a t i o n  o f  Y e a s t
.1;;
(92)
F r a c t io n
T o ta l
P -450
(nm ole)
^ O r ig in a l
P~^50
T o ta l
P r o t e in
(mg)
V  S p e c i f i c  
A c t iv i t y  
(nm ole/m g)
i
-
;
Ïi
•4
i
Whole Y eas t 21.1 100
ii
w hole D is r u p ta te 1 2 .1 57 250 0 .0 4 8
5 , OOOxg P e l l e t 1 .6 8 4 8 0 \ 0 3 3
5 , OOOxg Sup. 6 .6 31 147 0 .04 5
l6 0 ,9 0 0 x g  P e l l e t 5 .0 2 4 40 0.125 "
l6 0 ,9 0 0 x g  Sup. 0 .0 0 70 .
' _
—
T a b le  3 .1 .  The F a te  o f  Cytochrom e P -^50  D u rin g  Y e as t 
D is r u p t io n  and S u b c e l lu l a r  F r a c t i o n a t i o n
'-' , ' ' i  ^ .- ' (&3)'-"" ' ;.. ' '.'
3•3•2*  The F a te  o f  Cytochrom e O xidase D u rin g  Y e a s t D is r u p t io n  
and S u b c e l lu l a r  F r a c t i o n a t i o h
Cytochrom e o x id a s e ,  a  m ito c h o n d r ia l  enzyme m a rk e r , was 
m easu red  d u r in g  th e  same d i s r u p t io n  p ro c e d u re  a s  above i n  
o r d e r  t o  show w h e th e r  m ito c h o n d r ia  w ere b ro u g h t down d u r in g  
th e  5 rOOOxg c e n t r i f u g a t i o n  s t e p ,  th u s  r u l i n g  b u t  th e  p b s s i b i l i t y  
t h a t  th e  cy tochrom e P-450 was m i to c h o n d r ia l .  T a b le  3*2 shows 
th e  r e s u l t s  from  su ch  an e x p e rim e n t and i t  can  be se e n  th C t  
a  l a r g e  a m o u n t.o f  th e  cy tochrom e o x id a se  was p r e s e n t  in  th e  
l6 0 ,9 0 0 x g  s u p e r n a ta n t  w hich  im p l ie s  t h a t  t h i s  enzym e, w h ich  
i s  n o rm a lly  bound t o  th e  m ito c h o n d r ia l  m em brane, h as  i n  some 
way b e en  r e l e a s e d  from  i t .  The m ost l i k e l y  e x p la n a t io n  f o r  
t h i s  i s  t h a t  th e  d i s r u p t io n  p ro c e d u re  u s e d , w hich  i s  
n e c e s s a r i l y  v e ry  v ig o ro u s  t o  b re a k  th e  y e a s t  c e l l  w a l l s ,  
h a s  a l s o  d i s r u p te d  a  l a r g e  p r o p o r t io n  o f  th e  m ito c h o n d r ia  
r e s u l t i n g  i n  th e  cy tochrom e o x id a se  b e in g  p r e s e n t  i n  th e  
s o lu b le  f r a c t i o n  o f  th e  c e l l .
3 . 3 . 3 . Y e a s t A ry l H vdrocarbon  H y d ro x y lase
(a )  NADPH-Supported A ry l /H ydrocarbon  H y d ro x y lase
NADPH-supported a r y l  h y d ro ca rb o n  h y d ro x y la s e  was c h a r a c t e r i s e d  
a s  i n d ic a t e d  in  th e  accom panying  d iag ram s u s in g  a  b e n z o (a )p y re n e  
c o n c e n t r a t io n  o f  316jjM. The tim e  c o u rs e  (F ig u re  3*3) shows 
t h a t  th e  p r o d u c t io n  o f  f l u o r e s c e n t  m e ta b o l i te s  o c c u rs  l i n e a r l y  
o v e r  a  p e r io d  o f  a p p ro x im a te ly  30min and th e n  th e  r e a c t i o n  
s t o p s .  In  th e  c a se  o f  cumene h y d ro p e ro x id e -s u p p o r te d  a r y l  
h y d ro c a rb o n  h y d ro x y la s e  (F ig u re  3^9) th e  r e a c t i o n  was l i n e a r  
f o r  45m in and s in c e  t h e r e  was l i t t l e  d e c re a s e  i n  th e  am ount
(94)
F r a c t io n
Cytochrom e
O xidase
(nm ole/m in/rag)
T o ta l
P r o t e in
(mg)
T o ta l
A c t iv i t y
(nm ole /m in )
Whole D is r u p ta te 2 .6  ( 0 .4 ) 250 650
5 , OOOxg P e l l e t 1 .4  (0 .2 ) 48 67
5 , OOOxg Sup. 3 .5  ( 0 .4 ) 14? 515
I6 0 ,9 0 0 x g  P e l l e t 2 .0  (0 .2 ) 40 80
l6 0 ,9 0 0 x g  Sup. 5 .3  ( 0 .4 ) 70 371
T a b le  3 .2»  The F a te  o f  Cytochrom e O xidase D u rin g  Y e a s t 
D is r u p t io n  and S u b c e l l u l a r  F r a c t i o n a t i o n .  The f i g u r e s  i n  
p a r e n th e s e s  a r e  s ta n d a r d  d e v ia t io n s  (n  = 6)
(95)
pmole 3*“hydroxybenzo(a)pyrene/
nmole cytochrome p-450
10.0
8 . 0
6 . 0
2,0
0
600 12030 90
Time (m in)
F ig u re  3» 3* The Time C ourse  o f  th e  NADPH-Supported. Y e a s t 
A ry l H ydrocarbon  H y d ro x y la se .
'y;:.'
: (96)
o f  m e ta b o l i t e s  f o r m e d 'a f t e r - I h ,  in o u b a t io h  tim e  was u s u a l ly  
f o r  t h i s  p e rio id i T hese r e s u l t s  com pare f a v o u r a b ly  w ith  th e  . ;
t im e  c o u rs e  p u b l is h e d  by N e b e rt & G e lb o in  ( I 9 6 8 ) in  w hich  
m e ta b o l i te  p r o d u c t io n  t a i l e d  o f f  a f t e r  4^m in .
The pH optimum v/as a l s o  d e te rm in e d  (F ig u re  3.4-) and y e a s t  
a r y l  h y d ro c a rb o n  h y d ro x y la s e  was fo und  t o  have a  b ro ad  pH 
optimum i n  th e  r e g io n  from  6 .5  t o  7*0 w h ich  i s  lo w er th a n  
t h a t  fo u n d  i n  mammalian s y s te m s . F o r exam plep N e b e rt & G e lb o in  
(19 68 ) fo und  th e  pH optimum i h  mammalian c e l l  c u l t u r e  t o  
be  pH 7*5 and t h i s  pH was a l s o  u se d  by R obie ^  a l  ( I 97 6 ) 
i n  e x p e r im e n ts  u s in g  r a t  l i v e r  m ic ro sd m es. A lv a re s  e t  a l. iaxiiinTni
(19 67 ) and C u r t00 e t  a l  ( I 9 6 8 ) u se d  pH 7 «4- f o r  t h e i r  
e x p e r im e n ts  w ith  x^at l i v e r  m icrosom ès» Gumps e t  a l  ( 1977) 
showed t h a t  th e  pH optimum f o r  r a t  l i v e r  m icrosbm es w as : 7* 8 
and th e  p H - a c t iv i t y  cu rv e  h a d  a  s i m i l a r  sh ap e  t o  F ig u re  3.4*.
C hanging  th e  p r o t e i n  (cy toch rom e P-4'50) c o n c e n t r a t io n  
i n  th e  in c u b a t io n  m ix tu re  r e s u l t e d  i n  t h e  g ra p h  shown i n  
F ig u re  3 .5 .  The d e g re e  o f  m e tab o lism  o f  b e n z o (a )p y re n e  Was 
l i n e a r  f o r  cy tochrom e c o n c e n t r a t io n s  up t o  0 , 2pM a f t e r
w hich  p o in t  th e  d e g re e  o f  m e tab o lism  rem a in ed  c o n s ta n t ,  
p resu m ab ly  a s  a  r e s u l t  o f  some o th e r  f a c t o r ,  su c h  a s  c o f a c to r  
c o n c e n t r a t i o n ,  becom ing l i m i t i n g .
F ig u re  3*6 shows a  s i m i l a r  r e s u l t  when th e  c o n c e n tr a t io n  
o f  th e  o o f a c to r s  was c h an g ed . The dptim ixn c o n c e n tr a t io n s  
w ere l^'mM~NADP, 21raM ~D -glucoser-6-phosphate and  8 u n i t s  o f  
D -g luG O se-6-p h o s p h a te  d eh y d ro g en ase  and th e s e  w ere r o u t i n e l y
pmole 3-hydroxy‘benzo(a)pyrene/
nmole cytochrome P~450/h
1 2 . 0
10.0
7 .0
5 . 0 6 . 0 7 .0
pH
F ig u re  3 .4 .  ! The E f f e c t  o f  pH on th e  NADPH-Supported. Y e a s t 
A ry l H ydrocarbon  H y d ro x y lase
(98)
pm ole 3”"hydroxybenzo (a  ) p y re n e /h
2,0
1.0
0 .40 0.1 0.2 0 .3
Cytochrom e P-450 (pM)
0 .5
F ig u re  3 . 5 . The E f f e c t  o f  Cytochrom e p^450 C o n c e n tra t io n  
on th e  NADPH-Supported Y e a s t A ry l H y d ro carb o n  H y d ro x y lase
(99)
pmole , 3“îTLydroxybenzo(a)pyrene/
nmole cytochrome P-4^ 0/h
10.Or
8 . 0
6 . 0
4 .0
2 . 0
8 NADP (mM)40 2
10
8
21
8
42 G^ô^P
16 G -6-P  DH
( u n i t s )
F ig u re  3 .6 .  The E f f e c t  o f C o fa c to r  C o n c e n tr a t io n  on th e  
NADPH-Supported Y e a s t A ry l H ydrocarbon  H y d ro x y lase
 : : . . .
(100)
u s e d . Any in c r e a s e  above th e s e  v a lu e s  r e s u l t e d  i n  no f u r t h e r  i ■ ■ ■ ,  ^ ^  j
in c r e a s e  i n  th e  e x te n t  o f  b e n z o (a )p y re n e  m e ta b o lism , p resu m ab ly  j
is in c e  th e  enzyme c o n c e n t r a t io n  was l i m i t i n g .  i
■ : Î
The th e rm a l  s t a b i l i t y  o f  th e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  
was com pared w ith  t h a t  o f  cy tochrom e P -450  a s  m e a su re d ■ 
s p e c t r o p h p to m e t r ic a l ly  by th e  c a rb o n  m o n o x id e -b in d in g  s p e c tru m . 
F ig u re  3 ,7  shows t h a t  p l o t t i n g  logj^^Q o f  t h e  ,a c t i v i t i e s :  o f  v
a r y l  h y d ro c a rb o n  h y d ro x y la s e  and cy toch rom e P -450  a g a in s t
tim e  a t  50 G gave tw o s t r a i g h t  l i n e s ,  i n  f a c t ^  w i th in  th e  
l i m i t s  o f  e x p e r im e n ta l  e r r o r ,  th e s e  p o in t s  c a n  be:com bined- 
t o  g iv e  th e  d o t te d  l i n e . T h is  means t h a t  a r y l  h y d ro ca rb o n  
h y d ro x y la s e  and cy tochrom e P-450 have  th e  same th e rm a l  
s t a b i l i t y  and  t h e r e f o r e  may be th e  same enzym ev The th e rm a l  
s t a b i l i t y  o f  th e  y e a s t  a r y l  h y d ro c a rb o n  h y d ro x y la s e  was v e ry  
s i m i l a r  t o  t h a t  o f  th e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  m easured  
i n  mammalian c e l l  c u l t u r e  by N e b e rt & G e lb o in  ( I 968 ) . I n  
t h e i r  e x p e r im e n ts  a p p ro x im a te ly  10^  o f  th e  enzyme; a c t i v i t y  " 
rem a in e d  a f t e r  2Gmin a t  45^0 and from  F ig u r e  3 é 7 i t  can  be 
se e n  t h a t  a t  50°C t h e r e  was a p p ro x im a te ly  10^ o f  y e a s t  a r y l  
h y d ro c a rb o n  h y d ro x y la s e  a c t i v i t y  re m a in in g  a f t e r  20min^
The k i n e t i c s  o f  th e  y e a s t  a r y l  h y d ro c a rb o n  h y d ro x y la se  
w ere i n v e s t i g a t e d  by  means o f  d o u b le - r e c ip r o c a l  X in ew eav er- 
Burk p l o t s  o f  r a t e  o f  m e ta b o l i te  fo rm a t io n  a g a in s t  benzo  ( a )  py ren e  
c o n c e n t r a t io n  a s  shown i n  F ig u re  3.8.^ E x p e rim e n ts  w ere 
p e rfo rm ed  u s in g  th e  cy tochrom e P -450  from  y e a s t  grown i n  
no rm al 2 0 ^ -g lu c o se  g ro w th  medium ( c o n t r o l )  and  a l s o  from  -
_____________
(101)
':.';î
A c t iv i t y  o f  A ry l H ydrocarbon  H y d ro x y lase  
and Cytochrom e P -4^0  ( # )
(logj^Q ^  z e ro  tim e  a c t i v i t y )
2 . 0
1.2
1.0
2t)15100
Time a t  50 C (m in)
F ig u re  3,7* The T herm al S t a b i l i t y  o f  Y e a s t A ry l H ydrocarbon  
H y d ro x y lase  and Cytochrom e P -4^0  a t  50°C
V ,;--S S
(102)
l /A r y l  H ydrocarbon  H y d ro x y lase
(pm ole 3 -hyd roxybenzo  (a ) p y ren e /b m o le
0 .5 cy tochrom e Pr-^gO/h)
5 205 0 1510 2510
l /B e n z o (a )p y re n e  (mM""^)
F ig u re  3 .8 .  L in ew eav er-B u rk  P lo t s  o f  NADPH-Supported Y e a s t
A ry l H ydrocarbon  H y d ro x y lase  A f te r  P r e t r e a tm e n t  w ith
Sodium P h e n o b a rb ito n e  ( O ) ,  Benzo (a  )p y ren e  ( # )  and C o n tro l  (m )
  . .. .........
" Ù ':
t h a t  grow n i n  medium c o n ta in in g ,  i n  a d d i t i o n ,  e i t h e r  8 . 15 -^^  i
\  ' ■ ■: ■ Jsodium  p h e n o b a rb ito n e  (6mM) o r  5 p g A ii~ b e n z o (a )p y re n e  (2ÔjÀii) .
T ab le  3*3 g iv e s  th e  v a lu e s  f o r  th e  M ic h a e lis  c o n s ta n t  (Km) -j
and maximum r a t e  (Vmax) o b ta in e d  from  th e s e  g ra p h s  b y ;mea n s  i
o f  l e a s t  s q u a re s  r e g r e s s io n  a n a l y s i s .  The c o r r e l a t i o n  
c o e f f i c i e n t  w hich  i s  a  m easure  o f  how good th e  p o in t s  f i t  
th e  r e g r e s s io n  l i n e  i s  a l s o  g iv e n ,  th e  b e s t  f i t  p o s s ib le .  i
' ' ' , • iw ould have a  c o e f f i c i e n t  o f  1 .0 0 0 , •
i
•1
I t  can  be  s e e n  t h a t  p r e t r e a tm e n t  o f  th e  y e a s t  w i th  ?
b e n z o (a )p y re n e  c a u se d  a  d e c re a s e  i n  th e  Km from  0 .4 5  t o  ;
■ ■ ■,  ■{ O.iymM ( a  r e d u c t io n  o f  a p p ro x . t h r e e  t im e s )  w h e reas  |
- ' . . .  isodium  p h e n o b a rb ito n e -^ p re tre a tm e h t d id  n o t  have  any s i g n i f i c a n t  i
■  ^ je f f e c t  on th e  Km. In  an e x p e rim e n t i n  w hich  y e a s t  was 
p r e t r e a t e d  w ith  Ipg /m lT -b en zo (a )p y ren e  (4).#) no  d i f f e r e h c e  {
i n  th e  Km was p ro d u ce d  com pared w ith  th e  c o n t r o l .  A d e c r e a s e  
i n  th e  Km a f t e r  p r e t r e a tm e n t  w ith  a  p o ly c y c l ic  a ro m a tic  
n y â ro c a rb o n  h a s  b e en  d e s c r ib e d  by A lv a re s  e t  a l  (1968) and 
by Kuntzman e t  ad  ( I 9 6 9 ) i n  e x p e r im e n ts  i n  w h ich  th e  a r y l  
h y d ro c a rb o n  h y d ro x y la s e  a c t i v i t y  i n  c o n t r o l  r a t  l i v e r  m icrosom es 
gave a  v a lu e  f o r  th e  Km some se v en  t im e s  g r e a t e r  th a n  t h a t  
f o r  3 - m e th y lc h p la n th r e n e - p r e t r e a te d  r a t s ,  sod ium  p h e n o b a rb ito n e  
had  no e f f e c t  on th e  Km (T ab lé  3 * 4 ) . R io k e r t  & P o u ts  ( I 97 O) 
showed t h a t  p r e t r e a tm e n t  o f  r a t s  w ith  b e n z o (a )p y re n e  r e s u l t e d  
i n  an  in c r e a s e  i n  th e  Km o f  th e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  
b u t  t h i s  was s u b s e q u e n t ly  e x p la in e d  a s  b e in g  due t o  p ro b lem s 
a s s o c i a t e d  w ith  th e  p r o t e i n  c o n c e n tr a t io n  u se d  d u r in g  th e  ; 
m easurem ent o f  th e  enzyme a c t i v i t y  and H ansen & P o u ts  (1972)
' ' ■ (104.)   ' ' \ ■ •;,; :>^r ' :
P r e t r e a tm e n t Km
(mM)
Vmax 
* **
C o r r e l a t i o n
C o e f f i c i e n t
C o n tro l 0 .4 5 1 5 .1 0 .6 8 0 .9 9 8
Sodium P h e n o b a rb ito n e 0 .5 3 1 9 ,7 0 .8 9 0 .^ ^ 9
Benz 0 ( a ) p y ren e 0 .1 7 2 6 .1 1 . 1 ? 0 .9 8 9
-  pm ole8 3 -H 0 ~ b en zo (a )p y reh e /n m o le  cy toch rom e P -4 5 0 /h  
** -  pm oles 3‘”H0~‘b e n z o (a )p y re n e /m g  pr’o t e i n / h
T a b le  3*3* The V alu es o f  th e  M ic h a e lis -M e n te n  P a ra m e te rs  
f o r  NADPH-Supported A ry l H ydrocarbon  H y d ro x y lase
(105)
R e fe re n c e P re t r e a tm e n t Km
(uM)
' Vmax
N e b e rt & G e lb o in  ( I 9 6 8 ) C o n tro l 0 .6 —.
A lvar'es .et a l  ( I 9 6 8 ) C o n tro l 1 4 .0 3 . 00*
Kuntzman a t  a l  ( I 9 6 9 ) 3-MC 2 .0 1 0 . 8 0 .
PB 1 4 .0 7 ,3 0
R ic k e r t  & P o u ts  ( I 97O) C o n tro l 2 3 .0 8.40*i<'
BP 5 2 .0  . 2 7 .6 0
H ansen & P o u ts  (1972) C o n tro l 1 0 0 .0
BP 2 0 /0 4
R obie a t  a l  (1976) C o n tro l 1 .0
3-MC .  0 .3
Cumps a t  a l  (1977) C o n tro l 2 .5 0 . 63#**
3-MC 0 .2 0 .3 7
PB 3 .5 0 .2 2
^ -  f i o l e s  h y d ro x y b e n a o (a )p y re n e  fo rm ed /g  l i y e r / h  .
** -  nm oles 8 -H 0 -b e n z o (a )p y re n e  form ed/m g p r o t e i n / h  
^amples 3 -H 0 -b e n Z o (a )p y ren e  form ed/rag p r o t e i n / h
T ab le  A C om parison  o f  th e  L i t e r a t u r e  V a lu es  b f  th e
M ic h a e lis -M e n te n  P a ra m e te rs  o f  Mammalian "Aryl H y d ro o arb o r 
H y d ro x y la se  -
vr ,  y. Ml
and R obie afc a l  (1976) w ere a b le  t o  show t h a t  3 -m e th y l-  
c h o la n th r e n e - ’ and b e n z o ( a ) p y r e n e - p r e tr e a tm e n t  r e s u l t e d  i n  •< 
a  d e c re a s e  i n  th e  Kra when a r y l  h y d ro c a rb o n  h y d ro x y la s e  a c t i v i t y  
was m easu red  u n d e r  c o n d i t io n s  o f  lo w e r p r o t e i n  c o n c e n t r a t io n .
Prom T ab le  3.^ *- i t  can  be se e n  t h a t  w h ile  i t  i s  g e n e r a l ly  
a g re e d  t h a t  p r e t r e a tm e n t  w i th  a  p o ly c y c l ic  a ro m a tic  
h y d ro c a rb o n  w i l l  d e c re a s e  th e  Km o f  a r y l  h y d ro c a rb o n  
h y d ro x y la s e ,  th e  a c t u a l  n u m e r ic a l  v a lu e  o f  t h e  Km seems t o  
v a ry  a c c o rd in g  t o  w hich  g ro u p  o f  w o rk e rs  m easu re  ? i t  *. The 
m ost l i k e l y  e x p la n a t io n  f o r  t h i s  i s  t h a t  i t  i s  due t o  s t r a i n  
d i f f e r e n c e s  in  th e  r a t s  u se d  o r  p o s s ib ly  v a r i a t i o n s  i n  d i e t .
T a b le  3"^  a l s o  g iv e s  v a r io u s  l i t e r a t u r e  v a lu e s  f o r  th e
Vmax o f  th e  mammalian a r y l  h y d ro c a rb o n  h y d ro x y la s e .  I t  can
be s e e n  t h a t  th e s e  a re  i n  th e  r e g io n  o f  10” ^ t o  10“ ^ m oles
o f  b e n z o (a )p y re n e  m e ta b o l i te  form ed p e r  h o u r p e r  mg p r o t e i n
( o r  g o f  l i v e r )  and th e s e  v a lu e s  a r e  much h ig h e r  th a n  f o r
th e  y e a s t  a r y l  h y d ro c a rb o n  h y d ro x y la s e  g iv e n  i n  T ab le  3 ,3*
T a b le  3*1 g iv e s  a  t y p i c a l  v a lu e  o f  th e  s p e c i f i c  a c t i v i t y
f o r  cy tochrom e P -450  in  th e  5 , OOOxg s u p e r n a ta n t  a s  b .b 4 5 n m o le s
cy toch rom e P-450/m g p r o t e i n  and t h i s  was u se d  to  c a l c u l a t e
th e  Vmax v a lu e s  d e r iv e d  from  F ig u re  3*7 i n  u n i t s  o f pm oles
3“h y d ro x y b en zo ( a ) p y rene /m g  p r o t e i n / h  (T ab le  3 . 3 ) .  Thus i t
can  be se e n  t h a t  th e  Vmax o f  th e  mammalian enzyme i s  i n  th e  
4 6r e g io n  o f  10 t o  10 t im e s  g r e a t e r  th a n  t h a t  o f  th e  y e a s t  
enzym e.
 ^ -y. ( l o ÿ ) : - ,  ^ ,
T a b lé  3 .3  a l s o  shows t h a t  p r e t r e a tm e n t  o f  t h é  y e a s t  w i th  J
.,'. ■ '. ' jb e n z o (a )p y re n e  c a u se d  an  in c r e a s e  i n  th e  Vmax, an  e f f e c t  ’
• , . ■' Jw h ich  i s  in  ag reem en t w ith  th e  o b s e r v a t io n s  o f  many w o rk e r s , ç' " ■ ‘ ' is in c e  p r e t r e a tm e n t  o f  r a t s  w i th  b e n z o (a )p y ren e  o r  3 -m e th y l-  ]
^  ^ ' J .  !c h o la n th re n e  U s u a lly  s t im u la te s  a r y l  h y d ro c a rb o n  h y d ro x y la s e
a c t i v i t y  C W attenbera e t  a l , I 9 6 8 , G n o ssp e liu s  e t  a l ,  I 969B  ;
G urtoo  e_t ^ 1 , 1970  and S c h le d e  e t  a l ,  1 9 7 0 ), th e  e x c e p tio n  i
”  ■ ' ■ Îb e in g  Cumps a t  a i  (1977) ( s e e  T a b le  3 ,4 ) .  T h is  o v e r a l l  ;
s t i m u l a t i o n  o f  a r y l  h y d ro c a rb o n  h y d ro x y la s e  a c t i v i t y  a f t e r  j
p r e t r e a tm e n t  o f  a n im a ls  w ith  p o ly c y c l ic  a ro m a tic  h y d ro c a rb o n s  j
i s  r e l a t e d  t o  th e  a p p e a ra n c e  o f  cy tochrom e P-448« j
An e x p e rim e n t i n  w hich  y e a s t  a r y l  h y d ro c a rb o n  h y d ro x y la s e  
was i n h i b i t e d  by 430 by  th e  p re s e n c e  o f  c a rb o n  m onoxide 
d e m o n s tra te d  th e  in v o lv e m en t o f  cy tochrom e P -450  in  t h i s  
r e a c t i o n .  T h is  o b s e r v a t io n  s u p p o r ts  th e  th e rm a l  s t a b i l i t y  
d a ta  p r e s e n te d  ab o v e .
!
'  ^ , !
:■ , : ' \ j(b ) Cumene H y d ro p e ro x id e -S u o o o rte d  A ry l H ydrocarbon  H y d ro x y lase  j
I t  was found  t h a t  cumene h y d ro p e ro x id e , a n  oxygen and  'i
_ . ■ ' , ,. ■ ie l e c t r o n  d o n o r , w h ich  h as  b e e n  p r e v io u s ly  u se d  a s  a  c o f a c to r  
i n  s t e r o i d  h y d r o x y la t io n s  (H rycay  e t  a l .  1 9 7 5 ) , c o u ld  r e p l a c e  j
t h e  N A D P H -regensrating  sy s tem  u sed  a b o v e . A num ber o f 1
e x p e r im e n ts  w ere p e rfo rm ed  i n  o rd e r  t o  c o m p a re :th e  cumene j
' , jh y d ro p e ro x id e -s u p p o r te d  a r y l  h y d ro c a rb o n  h y d ro x y la s e  w i th  j
th e  NADPH-supported r e a c t i o n .
( 1 0 8 )
F ig u re  3*9 shows t h a t  th e  tim e  c o u rs e  was s i m i l a r  t o  t h a t  
o f  th e  NADPH-supported r e a c t i o n  a s  p r e v io u s ly  s t a t e d .
F ig u re  3 .1 0  shows a  L in ew eay er-B u rk  p l o t  o b ta in e d  by 
v a ry in g  th e  c o n c e n t r a t io n  o f  cumene h y d ro p e ro x id e , th e  Km :r 
f o r  th e  c o f a c to r  was 7-lmM ( c o r r e l a t i o n  c o e f f i c i e r i t  w as G.9 9 8 ) . 
The c o n c e n t r a t io n  o f  cumene h y d ro p e ro x id e  r o u t i n e l y  u se d  
t o  m easu re  a r y l  h y d ro c a rb o n  h y d ro x y la s e  a c t i v i t y .w a s  2 . 4mM 
s in c e  i t  was fo und  t h a t  any  in c r e a s e  i n  cumene h y d ro p e ro x id e  
c o n c e n t r a t io n  above 5mM r e s u l t e d  i n  a  d e c r e a s e  i n  enzyme 
a c t i v i t y  due t o  d e s t r u c t i o n  o f  th e  enzyme by  cumene 
h y d ro p e ro x id e  (F ig u re  3 «11)
F ig u re  3 .1 2  shows th e  L in ew ëav er-B u rk  p l o t s  o b ta in e d  
by  v a ry in g  th e  c o n c e n t r a t io n  o f  b e n z o (a )p y re n e  i n  t h e  in c u b a t io n  
m ix tu r e , th e  v a lu e s  o f  th e  Km and Vmax. d e r iv e d  from  th e s e  
p l o t s  by  l e a s t  s q u a re s  l i n e a r  r e g r e s s io n  a n a l y s i s  a r e  g iv e n  
i n  T a b le  3*5. T h e re  was an  o v e r a l l  i n c r e a s e  i n  th e  v a lu e  
o f  th e  Km com pared w ith  th e  NADPH-supported r e a c t i o n  ■ {T ab le  3*3) 
w h ich  may be due t o  th e  e f f e c t  o f  cumene h y d ro p e ro x id e  on 
th e  enzym e. As d e s c r ib e d  a b o v e , h ig h  c o n c e n t r a t io n s  o f  cumene 
h y d ro p e ro x id e  c a u se d  d e s t r u c t i o n  o f  enzyme a c t i v i t y  and  i t  
may be t h a t  a t  low  c o n c e n t r a t io n s  i t  r e a c t e d  w i th  th e  enzyme 
to  c h e m ic a l ly  m od ify  th e  a c t i v e  s i t e  o r  t o  p ro d u c e  c o n fo rm a tio n a l  
ch an g es i n  th e  p r o t e i n  th u s  ch an g in g  th e  Km,
I t  i s  o f  i n t e r e s t  t o  n o te  t h a t  t h e  v a lu e s  f o r  th e  Vmax 
w ere g r e a t e r  th a n  th o s e  f o r  N A p P H -s u p p o rte d :a ry l.h y d ro c a rb o n  
h y d ro x y la s e  b y  a  f a c t o r  o f  up t o  s e v e n te e n  t im e s  a r id , t l i i s
(109)
pmole 3~hydroxybenzo(a)pyrene/
nmole cytochrome P~^50
1 8 .0
1 6 .0
1 4 .0
12.0
10.0
8 . 0
2.0
6040 5020100
Time (min)
F ig u re  3 . 9 . The Time C ourse  o f  th e  Cumene H ydroperox ide ; 
S u p p o rte d  T e a s t  A ry l H ydrocarbon  H ydroxy lase
( 1 1 0 )
1 /A ry l  H ydrocarbon  H y d ro x y lase
(pm ole 3“h y d ro x y b e n z o (a )p y re n e /  
nm ole cy tochrom e P -^^O /h )
0.20
0.10
0 2 4 6 8 10 .1 2  14 16 1,8 20-2
l/C um ene H y d ro p ero x id e  (i#l"" )
F ig u re  3 .1 0 . L in ew eav er-B u rk  P lo t  o f  Cumene H ydroperox ide- 
S u p p o rte d  Y e a s t A ry l H ydrocarbon  H ydroxy lase
' ..-f:
( 1 1 1 )
pmole 3-hydroxybenzo(a)pyrene/
nmole cytochrome p-4^ o/h
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F ig u re  3 .11* The D e s t r u c t io n  o f  Y e a s t A ry l H ydrocarbon  
H y d ro x y lase  by Cumene H y d roperox id e
y. %':v
l / A r y l  H ydrocarbon  H y d ro x y lase
(pm ole 3 -h y d ro x y b e h z o (â )p y re n é /
■~1nm ole cy tochrom e P -4 3 0 /h )~
0 .2 5
0 . 2 0
0.10
15 255 20105 0
l /B e n z o (a )p y re n e  (ml^ “* )
F ig u re  3 .1 2 . L in ew eav er-B u rk  P lo t s  o f  Gumene H y d ro p ero x id e  
S u p p o rte d  A ry l H ydrocarbon  H y d ro x y lase  f o r  C o n tro l  ( m ) ,  
Sodium P h e h o b a rb ito n e  ( O ) and B en zo (a )p y re n e  ( @ ) 
P r e t r e a t e d  Y eas t
P r e t r e a tm e n t Km
(mM)
Vmax
■If
C o r r e l a t i o n  - 
C o e f f i c i e n t
C o n tro l 3 .0 0 286 0.97%-
Sodium P h e n o b a rb ito n e 3 .0 0 357 0 .9 9 3
B e n z o (a )p y re n e 0 .3 6 63 0 .9 9 9
* « pm oles 3““H0“» b e n zô (a )p y re n e /n m o le  cy tochrom e P-^4'50/h
T ab le  3*5- The V a lu es o f  th e  M ic h a e lis -M e n te n  P a ra m e te rs  
f o r  Gumene H y d ro p e ro x id e -S u p p o rte d  A ry l H ydrocarbon  H y d ro x y la se
■ ; ■'*. ... y,i' _ yÿ
(114)
may be due t o  th e  f a c t  t h a t  cumene h y d ro p e ro x id e  b y -p a s s e s  
th e  e l e c t r o n  t r a n s p o r t  c h a in  w hich  m ust be  u se d  when NADPH 
i s  th e  c o f a c to r  th u s  i n c r e a s in g  th e  e f f i c i e n c y  o f  th e  o v e r a l l  
r e a c t i o n .  W hereas p r e t r e a tm e n t  o f  th e  y e a s t  w i th  
b e n z o (a )p y re n e  c a u se d  a  s l i g h t  in c r e a s e  i n  th e  Vmax f o r  th e  
NADPH-supported r e a c t i o n ,  i n  th e  c a se  o f  th e  cumene h y d ro ­
p e ro x id e - s u p p o r te d  r e a c t i o n  t h i s  p r e t r e a tm e n t  r e s u l t e d  i n  
a  d e c re a s e  i n  th e  Vmax. I t  w ould t h e r e f o r e  seem t h a t  th e  
form  o f  cy tochrom e P -450  p ro d u ced  a f t e r  b e n z o (a )p y re n e -  
p r e t r e a tm e n t  c a n n o t u se  cumene h y d ro p e ro x id e  a s  e f f i c i e n t l y  
a s  th e  o th e r  fo rm s .
In  o th e r  w o rd s , th e  a b i l i t y  o f  th e  enzyme t o  u se  NADPH- 
i s  d e te rm in e d  by th e  e l e c t r o n  t r a n s p o r t  sy s te m  (cy tochrom e 
P-4 5 0  r e d u c ta s e )  and s in c e  t h i s  i s  unchanged  by  p r e t r e a tm e n t  
th e  Vmax o b se rv ed  f o r  th e  NADPH-supported r e a c t i o n  i s  o n ly  
s l i g h t l y  a l t e r e d .  Gumene h y d ro p e ro x id e , h o w ev er, i n t e r a c t s  
d i r e c t l y  w ith  th e  cy tochrom e P-4 5 0  m o le c u le  and t h e r e f o r e  
ch an g es i n  i t  c a u se d  by p r e t r e a tm e n t  have  a  much g r e a t e r  
e f f e c t  on th e  a b i l i t y  o f  th e  enzyme t o  u se  cumene h y d ro p e ro x id e  
and h en ce  th e  Vmax.
O th e r c o f a c to r s  w hich  w ere t r i e d  u n s u c c e s s f u l ly  a s  
re p la c e m e n ts  o f  NADPH w ere sodium  p e r i o d a t e ,  m e th y l v io lo g e n  
and h y d ro g en  p e ro x id e .
'V : ÿ : Ÿ -  -  : : - :  : : : ' C
3 . 3 , 4 . S o l u b i l i s e d  and Im m o b ilised  Y eas t A ry l H ydrocarbon  
H y d ro x y lase
The y e a s t  from  100ml o f  2 0 ^ -g lu c o se  g ro w th  medium 
(a p p ro x im a te ly  5g) was d i s r u p te d  t o  g iv e  10ml o f  5 »OOOxg 
s u p e r n a ta n t  and s o l u b i l i s e d  a s  d e s c r ib e d  ab o v e . T h is  
s o l u b i l i s e d  enzyme was th e n  u se d  i n  e x p e r im e n ts  t o  m easu re  
th e  Km o f  th e  a r y l  h y d ro c a rb o n  h y d ro x y la s e  f o r  b e n z o (a ) p y re n e  
by in c u b a t in g  0 .5 m l o f  th e  enzyme ( f i n a l  c o n c e n t r a t io n  was ;
■ j
0,08pM cytochrom e P -4 5 0 ) w ith  0 .5m l o f  T r is /H G l b u f f e r ,  pH 7 ,0 ,  i
cumene h y d ro p e ro x id e  ( f i n a l  c o n c e n t r a t io n  was 2 v4mM) and j
b e n z o (a )p y re n e  in  th e  ra n g e  0 t o  0.20inM a t  37 G f o r  I h .
F ig u re  3 -13  shows th e  L in ew eav er-B u rk  p l o t  r e s u l t i n g  from  
t h i s  e x p e rim e n t and T ab le  3 .6  g iv e s  th e  v a lu e s  o f  th e  M lc h a e l i s -  
M enten p a ra m e te rs  o f  t h i s  r e a c t i o n .
The s o l u b i l i s e d  enzyme was im m o b ilise d  o n to  c e l l u l o s e  
a s  d e s c r ib e d  above and th e  c e l l u l o s e  re s u sp e n d e d  in  10ml 
o f  O .lM -T r is /H C l .b u f f e r ,  pH 7 ,0  c o n ta in in g  2 0 ^ - g ly c e r o l .  
B e n z o (a )p y re r te , t o  g iv e  a  f i n a l  c o n c e n t r a t io n  i n  th e  ra n g e  
0 t o  0 . 32mM and cumene h y d ro p e ro x id e  ( f i n a l '  c o n c e n t r a t io n  
was 4,8mM) w ere added  to  1ml o f  t h i s  s u s p e n s io n  i n  o rd e r  t
t o  o b ta in  th e  L in ew eav e r-B u rk  p l o t  shown i n  F ig u r e  3 .13*
, iThe v a lu e s  o f  th e  M ic h a e lis -M e n te n  p a ra m e te rs  o b ta in e d  fro m
it h i s  g ra p h  a re  g iv e n  i n  T a b le  3 .6 ,  :
I t  sh o u ld  be p o in te d  o u t t h a t  b e n z o (a )p y re n e  h y d r o x y la t io n  2
c o u ld  n o t  be a c h ie v e d  w ith  th e  s o l u b i l i s e d  enzyme u s in g
- ' ? NADPH a s  th e  c o f a c t o r ,  b u t  o n ly  w ith  cumene h y d ro p e ro x id e .
l /A r y l  H ydrocarbon  H y d ro x y lase
(pm ole 3~ hydroxyb0n z o ( a ) p y r e n e /  
nm ole cy tochrom e P~^50/h ) ~ ^
0 . 2 0
0.10
5020 300 1010
l /B e n z o (  a ) p y ren e  (miVl” ^)
F ig u re  3-13* L in ew eav er-B u rk  P lo t s  o f  Cumene H y d ro p e ro x id e • 
S u p p o rte d  A ry l H ydrocarbon  H y d ro x y lase  f o r  S o lu b i l i s e d  (O  ) 
and Im m o b ilised  ( # )  Enzyme
(117)
Enzyme Km Vmax
(mM) ■îf
S o l u b i l i s e d 0 .1 1 5 6 .2
Im m o b ilised 0 .2 0 3 9 .4  :
* -  pm oles 3“H0“ 'b e n z o (a )p y re n e  form ed/nm ole  C ytochrom e P ~ 450 /h
T a b le  3 .6 .  The V a lu es o f  th e  M ic h a e lis -M e n te n  f’a ra jm eters  
f o r  Cumene H y d ro p e ro x id e -S u p p o rte d  S o l u b i l i s e d  arid 
Im m o b ilised  A ry l H ydrocarbon  H y d ro x y lase
A:" ■.
T h is  w ould le a d  t o  th e  c o n c lu s io n  t h a t  th e  e l e c t r o n  t r a n s p o r t  
sy s tem  n e c e s s a r y  f o r  NADPH u t i l i s a t i o n  was d i s r u p te d  d u r in g  
th e  s o l u b i l i s a t i o n  p ro c e d u re  and t h a t  cumene h y d ro p e ro x id e  ]
w orked a s  a . c o f a c t o r  b e c a u se  i t  b y -p a s se d  t h i s  sy s tem . j
The v a lu e  o f  th e  Km o f  th e  s o l u b i l i s e d  a r y l  h y d ro ca rb o n  ]
h y d ro x y la s e  was much l e s s  (a p p ro x im a te ly  t h i r t y  t im e s )  th a n  j
t h a t  o f  th e  same enzyme when bound t o  th e  m ic ro so m al membrane 
(T ab le  3*5) and t h i s  was p ro b a b ly  due t o  s t e r i o  h in d ra n c e  r J
o f  th e  enzyme by the , membrane i n  w hich  i t  was em bedded. i
. • - ' - ' IIm m o b il is a t io n  o f  th e  enzyme r e s u l t e d  i n  a n  i n c r e a s e  i n  th è  i
Km b u t  n o t  t o  th e  v a lu e  o f  th e  m em brane-bound enzyme. T h is  j
p ro b a b ly  r e f l e c t s  th e  r e l a t i v e  d e g re e  o f  h in d ra n c e  b e tw ee n
th e  m em brane-bound and im m o b ilise d  a r y l  h y d ro c a rb o n  j
■ ■ ' ■ . ■ 1 h y d r o x y la s e s .  j
The v a lu e  o f  th e  Vmax o f  th e  s o l u b i l i s e d  a r y l  h y d ro ca rb o n  
h y d ro x y la s e  was l e s s  th a h  t h a t  o f  th e  m em brane-bound 'enzyme 
and t h i s  was i n  ag reem en t w ith  th e  p re v io u s  a rgum en t t h a t .
i t  was changes i n  th e  enzyme m o le cu le  w hich  e f f e c t e d  th e  j!Vmax f o r  th e  cumene h y d ro p e ro x id e -s u p p o r te d  r e a c t i o n .  I t  1
w ould seem l i k e l y  t h a t  th e  s o l u b i l i s a t i o n  p r o c e s s ,  by rem ov ing  j 
th e  enzyme from  th e  m em brane, r e s u l t e d  i n  c o n fo rm a tio n a l  
ch an g es i n  th e  enzym e. S u b seq u e n t im m o b i l i s a t io n  in c r e a s e d  i
th e  am ount o f  c o n fo rm a tio n a l  change and th u s  b ro u g h t a b o u t |' % - ' ' .... ^
" r - . ■ . " _ ■■' : : ja  f u r t h e r  d e c r e a s e  i n  Vmax, The u se  o f  g l u t a r a ld ë h y d e , f o r  %
ex am p le , may have n o t  o n ly  p ro d u ced  c r o s s - l i n k s  b e tw e e n -th e  
enzyme and i t s  s u p p o r t  b u t  a l s o  w i th in  th e  enzyme i t s e l f  : 
t h u s  r e s u l t i n g  i n  th e  changes i n  t h e  M ic h ae lis^ M e n ten  p a ra m e te rs
3 . 3 , 5 . The B e n z o (a )p y re n e  M e ta b o l i te s  Formed by  Y eas t
The r e s u l t s  o f  a  p r e l im in a r y  e x p e rim e n t i n  w hich th e  
b e n zo .(a )p y ren e  m e ta b o l i t e s  form ed by  y e a s t  5 ,  OOOxg s u p e r n d ta n t  
w ere s e p a r a te d  by means o f  th in -^ la y e r  ch ro m a to g rap h y  a r e  * 
g iv e n  i n  F ig u re  3*1^ . The f i g u r e  i s  th e  r e s u l t  o f  s c a n n in g  
th e  TLC p l a t e  f o r  r a d i o a c t i v i t y  a s  d e s c r ib e d  i n  S e c t io n  3 .2 .5  
and i t  can  be s e e n  t h a t  th e  r e s u l t  i s  d i f f i c u l t  t o  i n t e r p r e t  
s in c e  th e  s i z e  o f  th e  p eak s i s  s m a l l .  The m ain  c o n c lu s io n  
w hich  can  be draw n from ; t h i s  e x p e r im e n t i s  t h a t  th e  m e ta b o l i t e s  
p ro d u ced  w ere 3 " 'h y d ro x y b e n z o (a )p y re h e , a  d ih y d r o d io l  and 
a  q u in o n e .
H ig h -p re s s u re  l i q u i d  ch ro m ato g rap h y  o f  t h e  b e h z 0 (a )p y re n e  
m e ta b o l i te s  was n e x t  u se d  t o  id e n t i f y ;  them, m ore  r e l i a b l y  
and th e  r e s u l t  o f  su c h  an  e x p e rim e n t i s  g iv e n  i n  F ig u re  3 .1 5 .
I t  can  be  s e e n  t h a t  th e  m e ta b o l i te s  form ed w ere  t h e , 7 ,8 -  
d i h y d r o d io l , 9 -h y d ro x y b e n z p (a )p y re n e ,, 3 -h y d ro x y b e n z o (a )p y re n e , 
a  q u in o n e  and an  u n i d e n t i f i a b l e  m e ta b o l i t e .  T h ese  r e s u l t s  
a r e  s i m i l a r  t o  th o s e  from  mammalian s y s te m s , f o r  exam ple , 
a  p u r i f i e d  r a b b i t  l i v e r  cy tochrom e P-^*50 ( f r a c t io n - L M 2 ) , 
s e p a r a te d  from  s o l u b i l i s e d  e x t r a c t s  u s in g  p o ly a c ry la m id e  
g e l  e l e c t r o p h o r e s i s  showed th e  same ra n g e  Of p ro d u c ts  v  : 
(D e u tsch  ^  a l ,  1 9 7 8 ) . However t h i s  p r e p a r a t i o n  d id  n o t  . = 
c o n ta in  ep o x id e  h y d ra se  w h ich  i s  p resu m ab ly  p r e s e n t  i n  th e ' 
y e a s t  p r e p a r a t i o n  and t h i s  may be th e  r e a s o n  why i t  had  t h i s  
m e ta b o l i te  p r o f i l e .
.3:
.. (120)
3-HO-BP
O rig in
1 X X
G 4 8 10 12
D is ta n c e  moved from  o r i g in  (cm)
F ig u re  3 .1 4 . A Scan  o f  th e  R a d io a c t iv i ty  o f  à T h in - la y e r  
Chrom atogram  o f  th e  B e n z o (a )p y re n e  M e ta b o l i te s  P roduced  by 
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F ig u re  3 . 1 5 . The B e n z o (a )p y re n e  M e ta b o l i te s  Formed: by 
Y e a s t 5 , OOOxg S u p e rn a ta n t
(a )  9 ,1 0 - d ih y d r o d io l ,  (b ) 4 ,5 - d i h y d r o d io l ,  ( o ) 7 , 8 - d ih y d r o d io l , 
(d ) 9 r-h y d ro x y b en z o (a )p y re n e , (e )  3 -h y d ro x y b e n z o (a ) p y r e n e ,
( f )  b e n z o ( a ) p y r e n e , (g ) q u in o n e  and (h ) unknown.
'  %
' (122) ■ - " '■ \ !
E x p erim e n ts  i n  o th e r  mammalian sy s tem s have s h o m  t h a t  
i n  th e  r a t  l i v e r  th e  4 , 5 - ,  7 ,8 -  arid 9 ,1 0 - d ih y d r o d id l s  w ere I
p ro d u ced  by hom ogenates o r  m icrosom es from  no rm al a n im a ls  
and th e  7 , 8-  and 9 , 10- d ih y d r o d io l s  w ere form ed by a n im a ls  
p r e t r e a t e d  w ith  3 -m e th y lc h o la n th re n e  (Sims & G ro v e r, 1 9 7 4 ) .
In  s h o r t - t e r m  o rg a n  c u l t u r e s  o f  h a m s te r  lu n g ,  b e n z o (a )p y re n e  
was m e ta b o lis e d  t o  th e  9 , 10 -  and 7 , 8- d ih y d r o d io l s  and 
b e n z o ( a ) p y r e n - 3~ y l hyd ro g en  s u lp h a te ,  w ith  l i t t l e  o r  ho 
3-h y d ro x y b e n z o (a )p y re n e  o r  4 ,5 - d ih y d r o d io l  b e in g  form ed 
(Cohen & M oore, 1977)* S ch m eltz  e t  a l  ( I 9 7 8 ) have i n v e s t i g a t e d  
th e  m e ta b o l i te  p r o f i l e s  o f  b e n z o (a )p y re n e ; i n  p r im a ry  d e l 1 
c u l t u r e s  o f  r a t  l i v e r  and found  t h a t  th e  m e ta b o l i te s  form ed 
w ere q u a l i t a t i v e l y  s i m i l a r  t o  th o s e  form ed by r a t  l i v e r  
m ic ro so m al f r a c t i o n .
I t  w ould seem , how ever, t h a t  i t  i s  th e  fo rm a t io n  o f  th e  
7 , 8- d ih y d r o d io l  w h ich  i s  s i g n i f i c a n t  i n  mammalian sy stem s 
s in c e  t h i s  i s  f u r t h e r  m e ta b o l is e d  i n  c e l l s  in  c u l t u r e  and 
i n  m odel sy s tem s i n  v i t r o  t o  th e  7 , 8- d ih y d r o - 7 , 8-d ih y d ro x y -  
b e n z o (a )p y re n e - 9 , 10 -o x id e  and t h i s  d io l - e p o x id e  i s  th o u g h t 
t o  be th e  u l t im a te  c a rc in o g e n , r e a c t i n g  d i r e c t l y  w ith  DMA 
(Sim s ^  aJ:, 197^)
l4E x p e rim e n ts  i n  w hich  G -b e n z o (a )p y re n e  was in c u b a te d
w ith  s u s p e n s io n s  o f  p l a n t  c e l l s  from  Chenopodium rubrum  
showed t h a t  p l a n t  c e l l s  p ro d u ce  more p o la r  m e ta b o l i te s  th a n  
h e p a t i c  m icro som es, th e  m e ta b o l i te s  w hich  w ere i d e n t i f i e d  
w ere b e n z 0 (a ) p y r e n e - 3 , 6 -q u in o n e , b e n z o ( a ) p y r e n e - l ,6 - q u in o n e
—Tï
(123)
and th e  9 ,1 0 - d ih y d r o d io l ,  no 7 , 8 - d ih y d r o d io l  was form ed 
(Harms e t  a l , 1 9 7 7 ) . O th e r non-m am m alian sy s te m s  w hichvhave 
b een  s tu d ie d  in c lu d e  B e i j e r i n k i a  s t r a i n  B-8 3 6  w hich was found  
t o  m e ta b o l is e  b e n z o (à ) p y ren e  t o  c i s - 9 , 1 0 - d lh y d r o - 9 »1 0 - 
d ih y d ro x y b en zo  (a )p y re n e  (G ibson  e t  ^ , 1975 );* C e ll  ' s u s p e n s io n s  
o f  p a r s l e y  and so y b ean  have a l s o  b e en  in c u b a te d  w ith  ' 
b e n z o ( a )p y re n e  (v an  d e r  T r e n c k .& Sanderm ann, 1 9 7 8 ) , a l th o u g h  
th e  m e ta b o l i te s  v/ere n o t  i d e n t i f i e d ,  i t  was fo u n d  t h a t  t o t a l
c o n v e rs io n  was up t o  2,2^ in  th e  c a se  o f  p a r s l e y  c e l l s  and
28^ i n  th e  c a se  o f  soybean  c e l l s .
F ig u re  3*18 shows t h a t  p r e t r e a tm e n t  o f  y e a s t  w ith  sodium
p h e n o b a rb i to n e , o r  b e n z o (a )p y re n e  d id  n o t ,h a v e  any  e f f e c t  
on th e  m e ta b o l i te  p r o f i l e  p ro d u ced  by  y e a s t .  A com parison  
o f  t h i s  r e s u l t  w i th  mammalian sy s tem s i s  c o m p lic a te d  by  th e  
f a c t  t h a t  i n  m ic e , f o r  exam ple , t h e r e  a p p e a r  t o  be somë s t r a i n s  
i n  w h ic h ,3 -m ë th y lc h o la n th r e n e - p r ë t r e a tm e n t  c a u s e s  p h an g es  
i n  th e  m e tab o lism  o f  b e n z o (a )p y re n e  ( r e s p o n s iv e )  ; and some 
s t r a i n s  i n  w hich  t h i s  p r e t r e a tm e n t  h a s  no e f f e c t  ( n o n - r ë s p o n s iv e ) 
H o ld e r  ab a l  (1975) found  t h a t  th e r e  w ere no  s i g n i f i c a n t  
d i f f e r e n c e s  e i t h e r  i n  th e  m e ta b o l i te  p r o f i l e s  o r  in  th e  
t o t a l  c o n v e rs io n s  o f  b e n z o (a )p y re n e  a f t e r  3 -m e th y lc h o la n th re n e -  
p r e t r e a tm e n t  o f  n o n - re s p o n s iv e  m ice ( s t r a i n  DBA/2J) b u t  t h a t  
th e  sam e p r e t r e a tm e n t  o f  r e s p o n s iv e  m ice ( s t r a i n  057B /8J )  
in c r e a s e d  th e  b e n z o (a )p y re n e  m e tab o lism  and t h i s  in c r e a s e  i 
was i n  th e  c o n v e rs io n  t o  th e  d ih y d r o d io ls  (m a in ly  th e  7 ,8 -  
d i h y d r o d io l ) ,  t h e r e  b e in g  no in c r e a s e  i n  th e  am ounts o f  t h e
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F ig u re  3 .1 6 . H ig h -P re s s u re  L iq u id  C hrom atography  o f  th e  
B e n z o (a )p y re n e  M e ta b o l i te s  Formed by 5 tOOOxg S u p e rn a ta n t  
from  C o n tro l  ( a ) ,  Sodium P h e n o b a rb i to n e -  (b ) and B enzo(a jpy rene*  
(c )  P r e t r e a t e d  Y e a s t
q u in o n e s  and p h e n o ls  p ro d u c e d . The same w o rk e rs  (H o ld er 
^  1974) had p r e v io u s ly  found  t h a t  p r e t r e a tm e n t  o f
im m ature L ong-Evans r a t s  w ith  3 -m e th y lo h o la n th re h e  and sodium  
p h e n o b a rb ito n e  p ro d u ced  d i f f e r e n t  m e ta b o l i te  p r o f i l e s  th a n  
i n  c o n t r o l  r a t s ,  t h e r e  b e in g  an  in c r e a s e  i n  th e  amount o f  
th e  9 # 1 0 -d ih y d ro d io l  a f t e r  t h i s  p r e t r e a tm e n t  and an in c r e a s e  
in  th e  4 ,5 - d ih y d r o d io l  a f t e r  sodium  p h e n o b a rb ito n e  
p r e t r e a tm e n t .  E pox ide  h y d ra s e  was found  t o  be in v o lv e d  i n  
d ih y d r o d io l  fo rm a t io n  i n  t h i s  sy s te m ,
R asm ussen & Wang (1974) w ere a l s o  a b le  t o  show d i f f e r e n c e s  
i n  th e  m e ta b o l i te  p r o f i l e  i n  r a t s  p r e t r e a t e d  w i th  a  v a r i e t y  |
o f  p o ly c y c l i c  a ro m a tic  h y d ro ca rb o n s  and sodium  p h e n o b a rb i to n e . i
' ' ! They fo u n d , th o u g h , t h a t  th e s e  d i f f e r e n c e s  i n  m e tab o lism  i
w ere in  p a r t  due t o  d i f f e r e n c e s  in  th e  in d u c e d  l e v e l s  o f  |
e p o x id e  h y d ra s e , Oesch (1973) h as  a l s o  s u g g e s te d  th e  e x is te n c e  -
o f  a  c o u p le d  m u itienzym e sy s tem  c o n s i s t in g  o f  r a ix e d - fu n c t io n  ;
o x id a s e  ( a r y l  h y d ro c a rb o n  h y d ro x y la s e )  and e p o x id e  h y d r a s e " i
w hich  c a t a l y s e s  th e  c o n v e rs io n  o f  n a p h th a le n e  t o  th e  1 ,2 -  j
d ih y d r o d io l  v i a  an  o x id e , O esch & D aly  (1972) showed t h a t
th e  3‘-m e th y lc h o la n th re n e ~ p re tre a tm e n t  o f  th e  a n im a ls  in c r e a s e d  i
th e  t o t a l  c o n v e rs io n  o f  n a p h th a le n e  t o i , 2 - d i h y d r o d io i  by
in d u c in g  t h i s  c o u p le d  enzyme sy s tem  w hereas so d iüm
p h e n o b a rb ito n e  in d u c e d  th e  u n co u p led  e p o x id e  h y d ra s e  so  t h a t
th e  c o n v e rs io n  o f  n a p h th a le n e  t o  th e  l \ ,2 - d ih y d r o d io l  was, ;
u n a f f e c te d  b u t  th e  r a t e  o f  c o n v e rs io n  o f th e  o x id e  t o  t h e  =
d ih y d r o d io l  was in c r e a s e d ,  Oesch a l s o  s u g g e s te d  t h a t  s in c e
■1
I
ÿ f:TY-T-:vr;:'y' ' f . . : '. -.' V \v ; \  :y^' ' -- ' :). ( 126)  ;  '  - ' I
ep o x id e  h y d ra se  h a s  a  b ro ad  s u b s t r a t e  s p e c i f i c i t y  i t  may ' 
c o n s i s t  o f  a  num ber o f  d i f f e r e n t  enzymes in  th e  same way ;
a s  cy tochrom e P -4 5 0 . I t  h a s  a l s o  b een  shown t h a t  th e r e  a r e  ^
a t  l e a s t  two form s o f  a r y l  h y d ro ca rb o n  h y d ro x y la s e  in  r a b b i t  i
■ ' ^   ^ Îl i v e r  (Jo h n so n  & M u lle r -E b e rh a rd , 1 9 7 7 ). Thus i t  seems t h a t  |
i n  mammalian sy s te m s th e  d i f f e r e n t  m e ta b o l i te  p r o f i l e s  • 
p ro d u ced  a f t e r  v a r io u s - p r e t r e a tm e n t s  a re  th e  r e s u l t  o f  a  j
com plex in d u c t io n  o f  d i f f e r e n t  fo rm s o f  b o th  ep o x id e  h y d ra s e  5
■ ‘ : - : ■ . : ■ . ' - " , Iand a r y l  h y d ro c a rb o n  h y d ro x y la s e , i t  i s  h o t  s u r p r i s i n g  t h a t
■ ■ ' ' -, '! th e  s i t u a t i o n  i s  s im p le r  i n  th e  y e a s t .
The k i n e t i c  d a ta  p r e s e n te d  above s u g g e s t  t h a t  p r e t r e a tm e n t  
o f  y e a s t  w ith  b e n z o (a )p y re n e  p roduced  a  d i f f e r e n t  form  o f  = I
a r y l  h y d ro c a rb o n  h y d ro x y la s e  by v i r t u e  o f  th e  change;in /K m  i
b u t  th e  m e ta b o l i te  p r o f i l e s  c o n t r a s t  w ith  th e  m a jo r i ty  o f  i i
th e  work c a r r i e d  o u t i n  mammalian sy s tem s s in c e  no d i f f e r e n c e  
was se e n  a f t e r  p r e t r e a tm e n t .  A p o s s ib le  e x p la n a t io n  f o r  ; 
t h i s  may be t h a t  s in c e  th e  fo rm a tio n  o f th e  d ih y d r o d io ls  and 
p h e n o ls  r e q u i r e s  th e  p ro d u c t io n  o f an e p o x id e  by  a r y l  : 
hy d r  o c a rb  on h y d r o x y l a s  e , i t  i s  p o s s ib le  t  h a t  i n  t  he ye  a s  t , 
a lth o u g h  p r e t r e a tm e n t  w i th  b e n z o (a )p y re n e  changed  th e  k i n e t i c s  i 
o f  th e  r e a c t i o n , t h e  same e p o x id e s  w e re - fo rm e d ., T h is  w ould i
mean t h a t  th e  su b s e q u e n t non-enzym ic  and e p o x id e  h y d ra se ^  j
c a ta ly s e d  s t e p s  w ould p ro d u ce  th e  same m e ta b o l i t e s  a s  in - 
c o n t r o l  y e a s t .
   ,
CHAPTER 4 .
The M etabo lism  o f O th e r Compounds . 
by Cytochrom e P-450  from  Sac charom vc e s  c e r e v i s i a e ^
X I )
4• The M etabo lism  o f  O th e r Compounds by C ytochrom e P-450 
from  Saccharom yces c e r e v i s i a e
4 .1 .  I n t r o d u c t io n  i 
In  a d d i t i o n  t o  th o s e  te c h n iq u e s  d e s c r ib e d  e ls e w h e re ,
a  num ber o f  o th e r  m ethods w ere i n v e s t i g a t e d  i n  o rd e r  t o
s tu d y  th e  p r o p e r t i e s  o f  y e a s t  cy tochrom e P -450  i n  g r e a t e r  ;
i
d e t a i l .  U n f o r tu n a te ly  th e s e  m ethods w ere fo u n d  n o t t o  work i
. _ i
i n  th e  y e a s t  sy s te m , i n  p a r t i c u l a r  th e  h y d r o x y la t io n  o f
, Ib ip h e n y l  was i n v e s t i g a t e d  u s in g  s e v e r a l  d i f f e r e n t  m ethods j
-■ Àand i n  a l l  c a s e s  n e g a t iv e  r e s u l t s  w ere o b ta in e d .  O th e r v /id e ly  i
I
u se d  mammalian d ru g  m e ta b o l i s in g  a s s a y s  a l s o  p roved  t o  be 
u n s a t i s f a c t o r y .
4 .2 .  M a te r i a l s  and M ethods
4 . 2 . 1 .  The M easurem ent o f  B ip h en y l H y d ro x y la tio n
(a )  The F lu o ro rr ie tr ic  M easurem ent o f  B ip h e n y l H y d ro x y la tio n  
The m ethod o f  C reaven  ^  a l  ( I 965 ) was u se d  t o  m easure  
th e  p ro d u c t io n  o f  th e  f l u o r e s c e n t  m e t a b o l i t e s ,  2 -  and  4 -  
h y d ro x y b ip h e n y l from  b ip h e n y l  ( I ) .
(b ) The H ig h -P re s s u re  L iq u id  : C hrom âto a ra o h v  o f th e  l
B ip h e n y l M e ta b o l i te s  1
The m ethod o f  Burke e t  a l  (1977) was u se d  t o  i n v e s t i g a t e  i 
th e  m e ta b o lism  o f  b ip h e n y l  by  y e a s t  m icrosom es by means o f  
h ig h - p r e s s u r e  l i q u i d  c h ro m a to g rap h y . The m icrosom es ( f i n a l  
c o n c e n t r a t io n  o f  cy tochrom e P^~450 was 0.22jjiM) w ere in c u b a te d  
w ith  th e  u s u a l  amoiont o f  b ip h e n y l  and a  N A D PH -regenerating  
sy s tem  w hich  gave  f i n a l  c o n c e n t r a t io n s  o f  4mM-NADP, ;20mM- 
B - g lu c o s e - 6 -p h o s p h a te  and 8 u n i t s  o f D -g lucose-^6 -ph ;osphate  
d e h y d ro g e n a se  f o r  I h  a t  37®C i n  a  f i n a l  volum e o f  2m l. A 
c o n t r o l  e x p e r im e n t u s in g  b o i l e d  m icrosom es was c a r r i e d  o u t 
s im u lta n e o u s ly .  The r e a c t i o n  was s to p p e d  by  th e  a d d i t i o n  
o f  1ml o f  4M-HC1 and t h i s  was e x t r a c t e d  w ith  7^1 o f  i s 6- o c ta n e  
c o n ta in in g  1 . 5^ - is o - a m y l  a lc o h o l  a f t e r  th e  p r e c i p i t a t e d  p r o t e i n  
had  b e en  rem oved by  c e n t r i f u g a t i o n .  The o rg a n ic  ÿ h a se was 
th e n  f i l t e r e d  i n  a  5}mi M i l l ip o r e  f i l t e r  and e v a p o ra te d  t o  
d ry n e s s  i n  a  r o t a r y  e v a p o r a to r ,  th e  r e s id u e  b e in g  r e d i s s b iv e d  
i n  lO O pl o f  HPLC s o lv e n t  , 3 Ojpl o f  w hich  w ere  i n j e c t e d  o n to  
th e  colum n. .
(c )  The M etabo lism  o f  f^ fc lB ip h e n y l
To 2ml Of a  m icro so m al s u s p e n s io n  ( f i n a l  co n ee n t r â t io n
o f  cy tochrom e P -450  0 . 35pM) was added 50p l  o f b i p h e n y l  
(unknown s p e c i f i c  a c t i v i t y )  and lOOpl o f  N A D PH -regenerating  
sy s te m . T h is  m ix tu re  was in c u b a te d  a t  37^0 f o r  36min and 
e x t r a c t e d  i n t o  8ml o f  i c e - c o l d  e th y l  a c e t a t e  w hich  was th e n  
e v a p o ra te d  t o  d ry n e s s  in  a  r o t a r y  e v a p o r a to r .  The r e s id u e
::i
was r e d i s s o lv e d  i n  5Qpi d f  s t h ÿ l  a c e t a t e  and s p o t te d  o n to  
a  GI500 S i l i c a  G el p l a t e  ( S c h le ic h e r  & S c h u l l , W. G erifi^ y ) .
A c o n t r o l  e x p e r im e n t u s in g  b o i le d  m icro so m al s u s pens io n  was 
p e rfo rm ed  s im u lta h e o t is ly .  S t ^ d a r d  2~ and 4 -h y d ro x y b ip h e n y l 
and b ip h e n y l  w ere a l s o  s p o t t e d  o n to  th e  t h i n - l a y e r  
ch ro m ato g rap h y  p l a t e  w h ich  was th e n  d e v e lo p e d  i n  to lu e n e r  
e th a n o l  (95*5) and th e  p o s i t i o n  o f  th e  s t a n d a r d s  d e te rm in e d  
by  t h e i r  f lu o r e s c e n c e  u n d e r nv l i g h t  « The r a d i o a c t i v i t y  ; 
on th e  p l a t e  was d e te c te d  by a u to ra d io g ra p h y  u s in g  Kodak 
BBS X-Ray F ilm  d e v e lo p e d  in  Kodak U n iv e rs a l  d e v e lo p e r , and 
K o d afix  f i x e r .
4 . 2 . 2 .  The 0 - D e e th y la t io n  o f  7 -E th o x y co u m arin
The m ethod u se d  t o  m easu re  th e  O - d e e th y la t ip n  of, e th o x y -  
c oumar i n  ( I I )  t o  7 -h y d r  o^orc o im ar i n  ( u m b e l l i f  e ro n e  ) was 
e s s e n t i a l l y  t h a t  o f  U l l r i c h  & W eber. ( I 972 ) .  T h is  d i r e c t  
f l u o r o m e tr i c  a s s a y  was p e rfo rm ed  i n  a  c u v e t te  i n  a  P e rk ih  
E lm er MPF3 F lu o re s c e n c e  S p e c tro m e te r  u s in g  e x c i t a t i o n  355nm 
and e m is s io n  460nm. The c u v e t te  c o n ta in e d  2ml o f  y e a s t :  *
5 , OOOxg s u p e r n a t a n t , lOOpl o f  2 .4 m M -7-e thoxycoum arih ‘s o l u t io n  
( f i n a l  c o n c e n t r a t io n  0 .1 2 n # ) and e i t h e r  ImM-NADPH o r  lOmM- 
cumene h y d ro p e ro x id e  a s  c o f a c t o r .
(II)
A s t a t i c  m ethod f o r  7 -e th b x y o o u m arin  0 - d e e t h y la t io n  was 
i n v e s t i g a t e d ,  tu b e s  c o n ta in in g  m icro som al s u s p e n s io n ,  c o f a c t o r  
and  7 -e th o x y c o u m a rin  w ere in c u b a te d  a t  f o r  30m in and
th e  7 -e th o x y c o u m a rin  rem oved by e x t r a c t i n g  i n t o  n -h e x a n e .
The aqueous p h ase  was th e n  e x t r a c t e d  w ith  e t h e r  c o n ta in in g  
1 ^ - is o -a m y l a l c o h o l ,  t h i s  e t h e r  e x t r a c t  was b a c k - e x t r a c te d  
i n t o  0*lM“glycine/N aO H  b u f f e r ,  pH 1 0 .4  and th e  f lu o r e s c e n c e  
o f  t h i s  s o l u t io n  was m easu red  i n  th e  f l u o r im e t e r  a t  355nm 
e x c i t a t i o n  and 460nm e m is s io n .
4 ,2 .3 *  The 0-D eé t h y l a t i o n  o f  E th o x v r è s o r u f in
The m ethod o f  Burke & M ayer (1974) was u se d  t o  i n v e s t i g a t e  
th e  0 - d e e th y la t io n  o f  e th o x y r e s o r u f in  ( 7 - e t h o x y p h en o x azo n e , 
I I I )  t o  r e s o r u f i n  by y e a s t  cy tochrom e P -4 5 0 .
0C2H5 ôroîô
( I I I )
4 . 2 . 4 .  The 0 -D e m e th y la tio n  o f  p - N i t r o a n i s o le
The d i r e c t  s p e c t r o p h o to m e tr ic  m ethod f o r  m e a su rin g  th e  
O -d e m e th y la tio n  o f  p - n i t r o a n i s o l e ( I V )  t o  p - n i t r o p h e n o l  a s  
d e s c r ib e d  by  N e t te r  & S e id e l  (1964) was u se d  t o  i n v e s t i g a t e  
t h i s  r e a c t i o n  i n  y e a s t  m ic ro so m es .
OGHNO,
(IV)
NO, o
(132) '' ' 'J
4 .2 * 5 . The N -D em eth y la tio n  o f  A m inopyrine
The fo rm a tio n  o f  fo rm ald eh y d e  a s  a  r e s u l t  o f  th e  
N ~ d e m e th y la tio n  o f  am in o p y rin e  (V) was m easured  by th e  m ethod 
o f  N ash (1953 ) .  Y e as t 5 , OOOxg s u p e r n a ta n t  (1m l) was added 
t o  1ml o f  O .lM ^T rls/H C l b u f f e r ,  pH 7 .0  c o n ta in in g  lOQpl o f  
a m in o p y rin e  s o l u t i o n  ( f i n a l  c o n c e n t r a t io n  lOmM) and ImM-NADPH. 
The m ix tu re  was In c u b a te d  a t  37°C f o r  15min and th e  r e a c t i o n  
s to p p e d  by th e  a d d i t i o n  o f  0 ,5m l o f  1 0 ^ - t r i c h l o r o a c e t i c  a c id  
(w /v ) . The p r e c i p i t a t e d  p r o t e i n  was rem oved by c e n t r i f u g a t i o n  
and 2ml o f  th e  s u p e r n a ta n t  added  t o  2ml o f  Nash r e a g e n t  
( 0 .4 ^ - a c e ty la c e to n e  ( w /v ) ' I n  4M-ammonlum a c e t a t e ) w hich w 
In c u b a te d  a t  37 0 f o r  40m ln and th e  c o lo u r  r e a d  a t  4l2nm 
In  a  C e c i l  CE272 UV S p e c tro p h o to m e te r  (C e c i l  In s tru m e n ts*  
C am bridge, E n g la n d ) .
NMe
Me
Me
(V)
4 .2 . 6 .  NADPH O x id a tio n  by Y e a s t M icrosom es In  th e  P re se n c e  
o f  S u b s t r a t e s
Y e a s t m ic ro som al s u s p e n s io n  (0 .5 m l) was p la c e d  I n  a  q u a r tz  
s p e c tro p h o to m e te r  c u v e t te  In  a  Pye Unicam SP1800 s p e c t r o ­
p h o to m e te r  c o n ta in in g  2*5ml o f  0 . IM -T rIs/H C l b u f f e r , pH 7* 0 
and 5 0 p l o f  5mg/ml NADPH ( f i n a l  c o n c e n t r a t io n  0,2mM). The
(133) ^
s u b s t r a t e  t o  be t e s t e d  was th e n  added t o  th e  sam ple  c u v e t te  
and th e  change i n  a b so rb a n c e  a t  340nm r e c o r d e d , i n  t h i s  way 
any endogenous NADPH o x id a t io n  was a u to m a t i c a l ly  s u b t r a c te d .  
Compounds t e s t e d  by  t h i s  m ethod w ere b ip h e n y l ,  am inO pyrine, 
e th o x y r e s o r u f in ,  e th o x y c o u m a rin , p - n i t r o a n i s p l e  and  e th y l^  
m o rp h in e ,
4 . 2 . 7 . The M easurem ent o f  Oxygen U ptake by  Means o f a n /; 
Oxygen E le c t r o d e
A C la rk - ty p e  oxygen e l e c t r o d e  (Rank B ro s , B o ttis h a m ; 
C am bridge) was u se d  t o  i n v e s t i g a t e  th e  oxygen u p ta k e  t h a t  
o c c u r re d  a s  a  r e s u l t  o f  r e a c t i o n s  c a ta ly s e d  b y  cytochrom e: 
P -4 5 0 . The e l e c t r o d e  c o n s i s t e d  o f  a  g o ld  e l e c t r o d e  s e p a r a te d  
from  th e  r e a c t i o n  m ix tu re  by  a  T e f lo n  membrane and was 
c a l i b r a t e d  u s in g  d i s t i l l e d  w a te r  i n  t h e  p re s e n c e  (a n a e ro b ic )  
and a b sen c e  ( a e r o b ic )  o f  sodium  d i t h i o n i t e .  The r e a c t i o n  
m ix tu re  was s t i r r e d  by means o f  a  s m a l l  m a g n e tic  s t i r r e r .  
Compounds i n v e s t i g a t e d  by t h i s  m ethod w ere b ip h e n y l ,  p - n i t r o -  
a n i s o l e ,  benzo  (a )  p y r e n e , benz  o (e  ) p y re n e , b enz  a n th r a c e n e , 
d im e t h y la n i l i n e , e th y lm o rp h in e  and o l e i c  a c id  (m ethy l e s t e r ) ,
4 . 2 . 8 .  The D é m é th y la tio n  o f  L a n o s te r o l
The p o s s i b i l i t y  o f  th e  d é m é th y la tio n  o f  l a n o s t e r o l  was 
i n v e s t i g a t e d  by m e a su rin g  fo rm ald eh y d e  fo r m a t io n  by th e  m ethod 
o f  Nash (1 953 )•  I n c u b a te s  c o n s i s t e d  o f  1ml o f  y e a s t  5,CCpxg 
s u p e r n a ta n t  i n  O .lM -T ris /H C l b u f f e r ,  pH 7 .0  c o n ta in in g  5 0 p i 
o f  5mg/mi l a n o s t e r o l  and NADPH o r  cumene h y d ro p e ro x id e . a s
' ..lA'............
c o f a c t o r s .  The r e a c t i o n  was s to p p e d  by th e  a d d i t i o n  o f  1ml 
o f  1 0 ^ - t r i c h l o r o a c e t i c  a c id  (w /y) a f t e r  in c u b a t in g  a t  37^C 
f o r  30m in and th e  p r o t e i n  p r e c i p i t a t e  rem oved by  c e n t r i f u g a t i o n .  
The s u p e r n a ta n t  (1m l) was th e n  added t o  1ml o f  Nash r e a g e n t  
and th e  c o lo u r  m easu red  a t  4l2nm  a f t e r  in c u b a t io n  a t  37 C 
f o r  40m in.
4 . 2 . 9 , The S p e c tro p h o to m e tr ic  M easurem ent o f  Cytochrom e b ^ 
Cytochrom e b^ was m easured  by th e  m ethod o f  Omura & Sabo
(1964) from  th e  r e d u c e d /o x id i s e d  sp ec tru m  by m ea su rin g  th e
tro u g h  t o  peak  h e ig h t  (409 t o  426nm) and u s in g  a  m i l l im b la r
-1e x t i n c t i o n  c o e f f i c i e n t  o f  lyiniM .cm
4 .2 .1 0 .  M a te r ia l s
B e n z o (a )p y re n e , b e n z o ( e ) p y re n e , b e n z a n th ra c e n e , d im e th y l­
a n i l i n e  and 7 -e th o x y c o u m a rin  w ere o b ta in e d  from  The Sigma 
C hem ical C orp . (London) L td . T r i c h lo r o a c e t i c  a c i d ,  b ip h e n y l ,  
a c e ty la c e to n e  and ammonium a c e t a t e  w ere s u p p l ie d  by BDH 
C hem ica ls  L t d . ,  P o o le , D o r s e t .  R alph  N. Emanuel s u p p l ie d  
th e  p - n i t r o a n i s o l e  and a m in o p y rin e  w h ile  th e  2 -  and 4 -h y d ro x y -  
b ip h e n y l  s ta n d a r d s  w ere s u p p l ie d  by H opkin & W illiam s L t d . , 
C hadw ell H e a th , E s s e x . E th y lm o rp h in e  was o b ta in e d  from  May & 
B aker L t d . ,  Dagenham and e th o x y r e s o r u f in  from  P ie r c e ,
R o c k fo rd , I l l i n o i s ,  USA. L a n o s te r o l  was o b ta in e d  jProm 
S t e r a l o i d s  L t d , , C roydon, S u r re y .
(135)
4 ,3 "  R e s u l ts  and  D is c u s s io n
4 ,3*1*  The M easurem ent o f  B ip h en y l H y d ro x y la t io n
The m e tab o lism  o f  b ip h e n y l  h a s  b een  e x te n s iv e ly  is tu d ie d . 
i n  v a r io u s  an im al, s p e c i e s ,  th e  m a jo r m e ta b o l i te  i n  r a t , 
h a m s te r  an.d g u in e a  p ig  b e in g  4 -h y d ro x y b ip h e n y l w h ile  m in o r 
p ro d u c ts  in c lu d e  2 -h y d ro x y b ip h e n y l, 3 -h y d ro x y b ip h e n y l, 
d ih y d r o x y - , t r i h y d r o x y - , hydroxym ethoxy- and ~ d ihydroxym etH oxy• 
b ip h e n y ls  (R aig  & Ammon, 1970 and 1972 , R a ig  e t  a l ,  1976 , 
M eyer & B c h e l in e ,  I 9 7 6 * M eyer e t  : a l ,  1976a  and b and M eyer, 
1977 )* The s e l e c t i v e  enhancem ent o f  b ip h e n y l  2 -h y d ro x y la se r  . 
a c t i v i t y  by c a rc in o g e n s  b o th  i n  v iv o  and in  v i t r o  h as b een  
d e s c r ib e d  and i t  h a s  b een  su g g e s te d  t h a t  t h i s  enhancem ent 
c o u ld  p ro v id e  a  b a s i s  f o r  a p r e l im in a r y  i n  v i t r o  s c r e e n in g  
sy s tem  f o r  t e s t i n g  p o t e n t i a l  ch em ic a l c a rc in o g e n s  (M cPherson 
e t  a l ,  1974  and 1976 ) .
The a s s a y  f o r  th e  fo rm a t io n  o f  th e  f l u o r e s c e n t  m e t a b o l i t e s , 
2 -  and 4 -h y d ro x y b ip h e n y l was a tte m p te d  u n d e r  s e v e r a l  d i f f e r e n t  
c o n d i t io n s  b u t  i t  was n o t  p o s s ib le  t o  o b ta in  a  p o s i t i v e  
r e s u l t .  B oth  NADPH and cumene h y d ro p e ro x id e  w ere  u sed  as  
c o f a c to r s  and th e  a s s a y  was a tte m p te d  f o r  a n ,e x te n d e d  
in c u b a t io n  tim e  ( I h ) , th e  e x t r a c t i o n  p ro c e d u re  was m o d if ie d  
i n  o r d e r  t o  i n c r e a s e  th e  e f f i c i e n c y  o f  e x t r a c t i o n  and 
5 , OOOxg s u p e r n a ta n t  from  y e a s t  p r e t r e a t e d  w i th  sodium  • ' 
p h e n o b a rb ito n e  and b e n z o (a )p y re n e  was a l s o  u s e d ,  in  a l l  th e s e  
c a s e s  no  p ro d u c t c o u ld  be d e te c t e d .  D i f f e r e n t  pHs w ere 
u s e d , th e  u s u a l  pH o f  8 .1  was r e p la c e d  by 7 .6  and a  ded u ced
(136)
te m p e ra tu re  (25 °C) was u se d  i n  c a se  th e  la c k  o f  a c t i v i t y  
was due to  th e rm a l  d é n a tu r a t io n  o f th e  enzym e, M icrosom es 
w ere a l s o  u sed  in  p la c e  o f  5 , OOOxg s u p e r n a ta n t  b u t  a g a in  
no a c t i v i t y  c o u ld  be d e te c t e d .  As a  p o s i t i v e  c o n t r o l  an  
e x p e rim e n t was p e rfo rm ed  u s in g  r a t  l i v e r  m icrosom es a s  w e l l  
a s  y e a s t  m ic ro som es. The r e s u l t s  showed no a c t i v i t y  i n  th e  
y e a s t  m icrosom es for- h y d r o x y la t io n  in  th e  2 -  o r  4 ? p b s i t io n  
w h ile  th e  r a t  l i v e r  m icrosom es showed b o th  a c t i v i t i e s i  th e  
r a t e s  b e in g  3*4nm oles 4 -h y d ro x y b ip h e n y l/n m o le  cy tochrom e P -4 5 0/  
m in and 0 . 2nm oles 2 -h y d ro x y b ip h e n y l/n m o le  cy tochrom e P -4 5 0 /  
m in . T hese  . r e s u l t s  a r e  i n  c o n t r a s t  w ith  th o s e  o f  Wiseman 
ê i  â i  ( 1975^)) Where th e  NADPH-supported 4 -h y d r  o x y la t  io n  o f  
b ip h e n y l  by y e a s t  m ic ro som al f r a c t io n ,  was d e s c r ib e d .
The te c h n iq u e  o f  h ig h - p r e s s u r e  l iq u i d ,  ch ro m ato g rap h y  
i s  a s  s e n s i t i v e  a s  th e  f lu o f o m e tr ic  m ethod b u t  a l s o  p e rm i ts  
th e  d e t e c t i o n  o f  o th e r  b ip h e n y l  m e ta b o l i te s  su c h  as  2 y 2 ? - ,
3*3*- and 4 ,4 * -d ih y d ro x y b ip h e n y ls >  The e x p e rim e n t was 
p e rfo rm ed  a s  d e s c r ib e d  above b u t no d i f f e r e n c e  c o u ld  b e  
d e te c te d  be tw een  th e  c o n t r o l  ( b o i le d  m icrosom es) and t e s t  
in c u b a t io n s ,  th e  c o n c lu s io n  b e in g  t h a t  no m e tab o lism  o f  
b ip h e n y l  had  o c c u r re d .
A f te r  t h i n - l a y e r  ch ro m ato g rap h y  and a u to ra d io g ra p h y  
s e v e r a l  bands w ere se e n  i n  a d d i t i o n  t o  [ ^ ^ c ] b ip h e n y l ,  
u n f o r tu n a t e ly  t h e s e  b ands w ere a l s o  p r e s e n t  i n  t h e / c o n t r o l :  
and w ere t h e r e f o r e  th o u g h t  t o  be form ed by a u to - o x id a t io n
'- ' (137') : ' '  ^ ; :' ' %" /
and n o t  by an  enzym ic r e a c t i o n .  The p o s i t i o n s  o f . t h e  
u n l a b e l l e d  s t a n d a r d s  w ere d e te c te d  by means o f  ÜV l i g h t  and 
th e  R f*s w ere a s  f o l lo w s :  ^ -h y d ro x y b ip h e n y l -  0 , 3 0  ^
2« h ÿ d ro x y b ip h è n y i -  0 .^5  and b ip h e n y l  - 0 . 7 3 .
4 . 3 . 2 .  The 0-Dee th y  l a t i  on o f  7-^Ethoxy c oumar i n  ,
I n c r e a s e s  i n  f lu o r e s c e n c e  w ere o b se rv e d  when NADPH and 
cumene h y d ro p e ro x id e  w ere u se d  as  c o f a c t o r s , b u t  i t  was fo u n d  
s u b s e q u e n t ly  t h a t  t h i s  in c r e a s e  o c c u rre d  even  i n  th e  a b sen c e  
o f  s u b s t r a t e  arid t h e r e f o r e ,  was n o t  a s s o c i a t e d  w i th  th e  ’
0 - d e e th y la t io n  o f  7-^ethoxycoum ai'inn  The s t a t i c  m ethod gave 
n e g a t iv e  r e s u l t s  c o n f irm in g  t h a t  th e s e  o b s e r v a t io n s  w ere - 
n o t  due t o  7-e th o x y c o u m a rin  m e tab o lism .
4 .3 * 3 ' The 0 - D e e th v la t io h  o f  E th o x v re s o r u f i n  •
No m etab o lism  o f  e th o x y r e s o r u f in  c o u ld  be  d e te c t e d  when 
NAPPH was th e  c o f a c t o r ,  an in c r e a s e  i n  f lu o r e s c e n c e  was 
o b se rv e d  in  th e  p re s e n c e  o f  cumene h y d ro p e ro x id e  b u t  t h i s  
was s u b s e q u e n t ly  shown t o  be n p n -en zy m ic .
4 ,3 * 4 . The O -D em eth y la tio n  o f  p ~ N it ro a n is 6l e
An in c r e a s e  i n  a b so rb a n c e  a t  420nm was o b se rv e d  b u t  t h i s  
was shown t o  o c c u r  even  i n  th e  ab sen ce  o f  : p - h i t r p a n i s o l e  
and i t  m ust t h e r e f o r e  be c o n c lu d e d  t h a t  y e a s t  m icrbsoraes 
do n o t  c a t a l y s e  th e  Q -d e m e th y la tio n  o f  p - n i t r o a n i s Q l e .
: (138)
4 , 3 , 5 * The N -D ern e th y la tio n  o f  A n in o n y rln e  /
The Nash m ethod f o r  d e te rm in in g  a c e ta ld e h y d e  showed t h a t  
t h e r e  was more a c e ta ld e h y d e  i n  th e  c o n t r o l  th a n  i n  th e  : t e s t  
in c u b a te .  A tim e  c o u rs e  was a l s o  a tte m p te d  b u t  t h e r e  Was < 
no d i f f e r e n c e  b e tw een  th e  Omin emd 60min sa m p le s . I t  muSt 
be  c o n c lu d e d , t h e r e f o r e ,  t h a t  t h e r e  was no N -d e m é th y la tio n  
o f  a m in o p y rin e .
4 . 3 . 6 , NAPPH O x id a tio n  by Y e a s t M icrosom es i n  th e  P re se n c e  
o f  S u b s t r a t e s .
The r e s u l t s  from  t h i s  e x p e rim e n t w ere d i f f i c u l t  t o  i n t e r p r e t  
s in c e  a  n m ib e r o f  compounds p ro d u ced  a n  in c r e a s e  i n  absO rbahoe 
a t  340nm, th e s e  compounds w ere e th y Im o rp h in e , c o d e in e , 
p - n i t r o a i i i s o l e , 7-  e t  hoxyo oumar i n  and a n i l i n e .  T h is  in c r e a s e  
was p resu m ab ly  a s  a  r e s u l t  o f  th e s e  compounds i n h i b i t i n g  . 
t h e  endogenous r a t e  o f  NApPH o x id a t io n .  As a  r e s u l t  o f  t h i s ,  
t h e  m ethod vms abandoned  a s  a  p o s s ib le  m ethod f o r  th e  
d e te r m in a t io n  o f  th e  m e tab o lism  o f  compounds by  y e a s t  
cy tochrom e P -4 5 0 .
4 . 3 . 7 * The M easurem ent o f  Oxygen U ptake by Wleans o f  an.
T h is  was a n o th e r  te c h n iq u e  w hich  i t  was hoped c o u ld  be 
u se d  t o  s c r e e n  a  v a r i e t y  o f  compounds t o  se e  w h e th e r  th e y  
w ere m e ta b o l is e d  by  th e  y e a s t  enzym e. U n f o r tu n a te ly , t h i s  
m ethod i s  r a t h e r  i n s e n s i t i v e  and r e q u i r e s  a  r a t e  o f  p ro d u c t 
f o rm a t io n  o f  some 4nm ole/rnin/m g p r o t e i n  and t h i s  c r i t e r i o n
(1 3 9 ) ' :  '
i s  f u l f i l l e d  by o n ly  a  s m a ll  num ber o f  compounds eyen  i n  
th e  much more a c t iv e  r a t  l i v e r  sy s te m . As a  r e s u l t  o f  t h i s   ^
t h e  m ethod was fo u n d  t o  be u n s a t i s f a c t o r y ,
4 ,3 . 8 .  The D é m é th y la tio n  o f  L a n o s te r o l
The l 4 a “ d e m e th y la tio n  o f  l a n o s t e r o l  by  a  r e c o n s t i t u t e d  
cy toch rom e P-450 sy s tem  from  y e a s t  h a s  b een  d e m o n s tra te d  
(Aoyama & Y o sh id a , I 9 7 8 ) arid i t  was hoped t h a t  th e  Nash r e a c t i o n  
f o r  m e a su rin g  fo rm ald eh y d e  c o u ld  be u se d  t o  show t h i s  
d é m é th y la tio n  i n  t h e  sy s tem  p r e s e n t l y  u n d e r  i n v e s t i g a t i o n >. 
H ow ever, t h i s  m ethod was n o t  s u f f i c i e n t l y  s e n s i t i v e  t o  d e t e c t  
any  fo rm a ld eh y d e  f o r m a t io n .
4 . 3 , 9 * The 8 p e c tro p h o to m e tr ic  Measur*ement o f  Gytochrom e b  ^
F ig u re  4 . 1 , shows th e  r e d u e e d /o x id is e d  sp e c tru m  o b ta in e d  
from  y e a s t  5»000xg s u p e r n a ta n t .  The c o n c e n t r a t i o n  o f  
cy toch rom e b^ was c a l c u l a t e d  t o  0 , 88pM com pared w ith  a  
cy toch rom e P-45P c o n c e n t r a t io n  o f  0.75pM W hich i n d i c a t e s  
t h a t  t h e s e  two cy to ch ro m es a re  p r e s e n t  i n  a p p ro x im a te ly  
eqU al a m o m ts .
■ 'i-
(140) ■ ■ .; Vf .?
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F ig u re  4 ,1 .  The B e d u c e d /O x id ise d  S pec trum  o f  Y e a s t 
5 t0 0 0 x g  S u p e rn a ta n t
- y., -  .,ÿ .%' (141)
CHAPTER 4 .
The B in d in g  o f  Compounds t o  
Cytochrom e P-450 from  Saccharom yces c e r e y is . ia e
5. The Binding of Compounds to Cytochrome P-4^ 0 from
5 . 1 . I n t r o d u c t io n
I t  was found  t h a t  s e v e r a l  compounds w ere a b le  to  p roduce  
c h a r a c t e r i s t i c  b in d in g  s p e c t r a  when added t o  s u s p e n s io n s  , 
o f  y e a s t  m ic ro som es. The m ost i n t e r e s t i n g  o f  th e se .c o m p o u n d s , 
b e n z o ( a ) p y re n e , was fo u n d ' to  g iv e  a  sp e c tru m  w hich  had th e  
n o rm al ty p e  I  sh ap e  and a l s o  an  a d d i t i o n a l  p e a k .
The b in d in g  o f  b e n z o (a )p y re n e  w ith  y e a s t  m icrosom es was- 
f u r t h e r  i n v e s t i g a t e d  by. means o f  an  e q u i l ib r iu m  g e l  f i l t r a t i o n  
m ethod f o r  m e a su rin g  th e  a s s o c i a t i o n  c o n s ta n t  and  number 
o f  b in d in g  s i t e s .  The r e s u l t s  from  t h i s  e x p e r im e n t w ere 
com pared w ith  th e  r e s u l t s  from  s i m i l a r  e x p e r im e n ts  p e rfo rm ed  
w ith  r a t  l i v e r  m icro som es.
5 . 2 . M a te r ia l s  and M ethods
5 • 2 .1 .  The S p e c t r a l  I n t e r a c t i o n  o f  Compounds w ith  Y eas t 
C ytochrom e P-450
S p e c t r a l  ch an g es  r e s u l t i n g  from  th e  a d d i t i o n  o f  compounds 
t o  m ic ro so m al s u s p e n s io n s  w ere r e c o rd e d  i n  one o f  two 
s p e c t r o p h o to m e te r s ,  e i t h e r  a  P e rk in -E lm e r  35^ Two^W avelength 
D ouble Beam S p e c tro p h o to m e te r  (S p lit-B e a ra  Mode) o r  a  V a r ia n  
C ary  219 S p e c tro p h o to m e te r . When b e n z o (a )p y re n e  was th e  
compound added a  d o u b l e - c e l l  te c h n iq u e  s i m i l a r  t o  t h a t  . • 
d e s c r ib e d  by G oujon e t  aJL (1972) was em ployed i n  o rd e r  t o  
rem ove i n t e r f e r e n c e  from  th e  b e n z o (a )p y re n e  w h ich  a b so rb s  :
: ■ .■; ■-■ '.■ <■ , -. -;- ’ :• ■- ' . ■. • - . .■ • •
(143)
I
i n  th e  w a v e le n g th  ra n g e  u s e d . In  t h i s  m ethod one com partm en t i
■ ;  ^ j
o f  each  d o u b le - c e l l  c o n ta in e d  e i t h e r  3ml o f  T r is /H C l b u f f e r ,
pH ?.0  o r  2 ,5 m l:o f  b u f f e r  p lu s  0 .5m l o f  m ic ro so m al s u s p e n s io n  |
( u s u a l ly  d i l u t e d  xlO to  g iv e  a  f i n a l  c o n c e n t r a t io n  o f  ;
a p p ro x im a te ly  O.OlpM b u t  h ig h e r  when th e  i n t e r a c t i o n  Was
w eaker e .g .  f o r  im id a z o le  th e  co h c . was 0 . IpîÆ). B e n zo (a ) p y re n e  ;
( 2m g/m l) was added a  m i c r o l i t r e  a t  a  tim e  t o  b o th  th é  sam p le
. ' im icro so m al f r a c t i o n  and r e f e r e n c e  b u f f e r  com partm en ts and
an  e q u a l  volum e o f  a c e to n e  was added t o  th e  sam ple  b u f f e r .  . *
and r e f e r e n c e  m icro so m al f r a c t i o n  c o m p artm en ts . The d i f f e r e n c e  î
sp e c tru m  was th e n  re c o rd e d  be tw een  500 and 350nm. i
■ . ' V  !S p e c t r a l  t i t r a t i o n s  a t  f ix e d  w a v e le n g th s  w ere s u b je c te d  
t o  d o u b le - r e c ip r o c a l  p l o t s ,  d e r iv e d  from  th e  k i n e t i c  e q u a t io n  i
^1  ? 3 /
^2
w here E i s  enzym e, C i s  th e  e n z y m e -s u b s tra te  com plex and  
S i s  th e  s u b s t r a t e .  T i t r a t i o n s  w ere p e rfo rm ed  a t  room 
te m p e ra tu re  and i n  th e  a b se n c e  o f  c o f a c t o r ,  h en ce  th e  r e a c t i o n  
d oes n o t  p ro c e e d  t o  p ro d u c t P. The r e v e r s i b i l i t y  o f  th e  
f i r s t  s t e p  i n  su ch  a  r e a c t i o n  h a s  b een  d e m o n s tra te d  by 
Schenkman e t  a l  ( I 9 6 7 ) .
The d i s s o c i a t i o n  c o n s t a n t ,  , te rm ed  t h e  " S p e c t r a l  
D i s s o c i a t i o n  C o n s ta n t"  (Schenkm an e t  a l ,  1967) i s  i
Kg =
[c]
■i ' - . % , - - ■ .. . .
w here E+ i s  th e  t o t a l  amount o f  enzyme. By m a n ip u la t io n
■Kg = iMKi - [ S ]  [c]
and
[ c ]  =  K W
K ,+[S]
The r e c i p r o c a l  o f  t h i s  e q u a t io n
1 Z 1 + 1
[c j [8] [ s j
i s  th e  e q u a t io n  o f  a  s t r a i g h t  l i n e ,  when th e  r e c i p r o c a l  o f  
th e  s p e c t r a l  change l / [ c ]  i s  p l o t t e d  a g a in s t  th e  r e c i p r o c a l  
o f  th e  s u b s t r a t e  c o n c e n t r a t io n  l/[s] » th e  Y i n t e r c e p t  i s  
e q u a l  t o  1/ [ eJ  o r  th e  r e c i p r o c a l  o f  and th e  X i n t e r c e p t
i s  e q u iv a le n t  t o  -  .
Thus f o r  b e n z o ( a ) p y r e n e , . d o u b ie - r e c ip r o C à l  p l o t s  o f
^415 "^385-375 a g a in s t  benzo  (a )  p y ren e  c o n c e n t r a t io n  w ere
u sed  t o  d e te rm in e  v a lu e s  o f  K by means o f  l e a s t  s q u a re s  
r e g r e s s io n  a n a l y s i s .  D i f f e r e n t  w a v e le n g th s  w ere used  f o r  
o th e r  compounds a c c o rd in g  t o  th e  shape  o f  th e  b in d in g  sp e c tru m , 
f o r  s im p le  s p e c t r a  th e  peak  t o  t ro u g h  h e ig h t  was n o rm a lly  
u s e d . The o th e r  compounds exam ined w ere s a f r o l e ,  l a n o s t e r o l ,  
b ip h e n y l ,  o l e i c  a c id  (m eth y l e s t e r ) ,  7 ~ e th o x y co u m arin , 
h e x o b a r b i to n e , c y c lo h e x a n e , b u t a n o l , n - o c ty la m in e , a n i l i n e , 
c a rb o n  t e t r a c h l o r i d e ,  n a p h th a le n e  and cam phor.
-  - Y
 : : '  ......
:5 . 2 ,2 .  E q u il ib r iu m  G el F i l t r a t i o n
. ■■ , ! A m ethod o f  e q u i l ib r iu m  g e l  f i l t r a t i o n  d e r iv e d  from  th e
p r i n c i p l e s  o u t l in e d  by F e r s c h t  (1977) and b y  K e rr id g e  & ’
' .  ^ '■ . ■ ■."' . iT ip to n  ( 1972 ) was u sed  t o  i n v e s t i g a t e  th e  b in d in g  o f  j
b e n z o (a )p y re n e  t o  m icro som al f r a c t i o n s  from  y e a s t  and  r a t  i
l i v e r ,  .T his te c h n iq u e  was f i r s t  d e s c r ib e d  by  Hummel D re y e r
. . ' . ' i( 1962 ) and i s  a n a lo g o u s  i n  p r i n c i p l e  t o  e q u i l ib r iu m  d i a l y s i s ,
A p r o t e i n ,  P , i s  d i s s o lv e d  in  a  s o l u t io n  o f  a  Compound I  t o  -J
w hich  i t  b in d s .  The c o n c e n t r a t io n  o f  f r e e  I  i s  th e r e b y  re d u c e d  1' ■! ' ' 1 
by  an amount e q u iv a le n t  t o  th e  P - I  com plex fo rm ed . An a l i q u o t  j
o f  t h i s  s o l u t io n  i s  th e n  p la c e d  on a  s u i t a b l e  S ephadex  colum n 1
w hich  h a s  been  e q u i l i b r a t e d  w ith  th e  same s o l u t i o n  o f  I  a s
was u s e d  t o  d i s s o l v e - th e  p r o t e i n .  The colum n i s  t h e r e a f t e r
e lu t e d  w ith  th e  I  s o l u t i o n  and th e  c o n c e n t r â t io n  o f I  i h
th e  e lü a t e  i s  m ea su re d . As th e  P - I  com plex em erges a t  th e
e x c lu d e d  volume o f  th e  colum ni t h e  t o t a l  am ount o f  I  in . th e
e lu a te  r i s e s  above th e  e q u i l ib r iu m  l e v e l  and  c o r r e s p o n d in g ly ,
a t  some p o in t  a f t e r  th e  p r o t e i n  peak  th e - c o n c e n t r a t i o n  o f  I
i n  th e  e lu a te  i s  d e c re a s e d  b e lo w  th e  b a s e - l i n e  l e v e l  t o  fo rm
a  t ro u g h  w hich  e x te n d s  t o  th e  s a l t  volume, o f  th e  colum n. .
The am ount o f  f r e e  I  rem oved from  th e  s o l u t i o n  a s  d is p la y e d
by t h i s  t ro u g h  i s  e q u a l  t o  th e  e x c e ss  c o n c e n t r a t io n  o f  I
fo u n d  i n  th e  p r o t e i n  p e a k . Thus a s  th e  p r o t e i n  moves down
th e  colum n i n  th e  e x c lu d e d  volum e i t  c o n t in u e s  t o  rem ove I
from  th e  e q u i l ib r iu m  s o l u t i o n  w i th in  th e  S ephadex  u n t i l  a n
e q u i l ib r iu m  i s  re a c h e d  a t  th e  b a s e - l i n e  c o n c e n t r a t io n « o f  I .
Inasm uch a s  P and P - I  a re  i n  e q u i l ib r iu m  w i th  a  c o n s ta n t
c o n c e n t r a t io n  o f  f r e e  I  a s  th e y  em erge, even  w e a k , i n t e r a c t i o n s  
may be s tu d ie d  p ro v id e d  th e  c o n c e n t r a t io n  o f  I  i s  s u f f i c i e n t l y  
h ig h .
p-4 5 0  + BP P...45 0-BP
&z&lxi cV V
th e n  th e  a p p a re n t  a s s o c i a t i o n  c o n s ta n t  f o r  e a c h 'b in d in g  s i t e  
i s  g iv e n  by
o r
t h e r e f o r e
and
K = (p /n- .(e -p /n )C
K c { e -p /n )  = p /n
= Ke -  f e
i - f  = nK -  K .f
I f  we l e t  th e  i n i t i a l  and e q u i l i b r a t i n g  .c o n c e n t r a t io n  i
o f  b e n z o (a )p y re n e  be c m o l/ l  and th e  am ount o f  b e n z o (a )p y re n e  J
bound t o  n  s i t e s  on th e  cy tochrom e P -450 i n  th e  ra ic ro sb m al Î
f r a c t i o n  i s  pmoleS th e n  th e  c o n c e n t r a t io n  o f  t h e  cy tochrom e J
, - ' ' . '
' _ Ip.../450"-benzo(a)i>yrene com plex i s  ( p / n )/ v  w here V i s  th e  volum e !
o f  th e  b e n z o (a )p y re n e  s o l u t i o n  in  l i t i g e s .  The c o n c e n t r a t i o n  ^
o f  f r e e  b e n z 0 ( a ) p y re n e  m ust be  ( e - p / n )/ v , w here e  i s  th e  j
t o t a l  amount o f  cy toch rom e P -4 5 0 . I f  j
If we put
Then
s = p /
ag = nK -  K
Hence a  p l o t  o f  %/c a g a in s t  5 (a  S c a tc h a rd  p l o t )  i s  a  s t r a i g h t  
l i n e  o f  s lo p e  -K , th e  i n t e r c e p t  o f  w h ich  on th e  J a x i s  i s  n ,  
when X /c ~ 0 .
A colum n was made from  a  P a s te u r  p i p e t t e  by  p la c in g  a  
p lu g  o f  g la s s -w o o l  i n  t h e  b o tto m  and p a c k in g  w ith  Sephadex  
G-2 5  ( th e  colum n d im e n sio n s  w ere 5 x 45mm). The colum n was 
e q u i l i b r a t e d  w ith  0 ,2 M -p h o sp h ate  b u f f e r ,  pH 7*0 c o n ta in in g  
lO ^ -d io x a n  (v /v )  and b e n z o (a )p y re n e  i n  a  r a n g e  o f  d i f f e r e n t  
c o n c e n t r a t i o n s .  The b e n z o (a )p y re n e  i n  th e  b u f f e r  c o n s i s t e d  
o f  a  f ix e d »  known amount o f  [g -^ h ] -b e n z o (a )p y re n e  and v a r io u s  
known am ounts o f  c o ld  b e n z o (a )p y re n e , th e  s p e c i f i c  a c t i v i t y  
o f  th e  b e n z o (a )p y re n e  i n  th e  b u f f e r  was d e te rm in e d  by 
c o u n tin g  th e  r a d i o a c t i v i t y  o f  a  sm a ll  vo lum e.
Once th e  colum n was e q u i l i b r a t e d  w ith  t h e  b e n z o (a )p y re n e -  
c o n ta in in g  b u f f e r ,  u s u a l ly  a f t e r  p a s s in g  20 t o  30m l, a  s m a ll  
volum e o f  m ic ro so m al s u s p e n s io n , u s u a l ly  lO j i l ,  was a p p l ie d  
t o  th e  to p  o f  th e  colum n and 2 -d ro p  sam p le s  w ere  c o l l e c t e d  
( th e  sam ple volum e was 0 .0 5 8 m l) . T hese  sa m p le s  w ere c o u n te d  
in  a  P a c k ard  T r i-G a rb  S c i n t i l l a t i o n  S p e c tro m e te r  a f t e r  a d d in g  
4ml o f  to lu e n e f r a e ta p o l  ( 2 s l )  s c i n t i l l a n t  c o n ta in in g  0 .5 ^ “*
PPO (w /v) and 0 . 02^-^dim ethyl POPOP (w /v ) . The b in d in g  o f
th e  b é n z o (a )p y re n e  t o  th e  cy tochrom e P -450 in  t h e  m ic ro so m al 
f r a c t i o n  r e s u l t e d  in  an  in c r e a s e  in  th e  r a d i o a c t i v i t y  when 
th e  f r a c t i o n  was e l u t e d ,  a lth o u g h  no t ro u g h  was fo rm ed .
By u s in g  th e  known s p e c i f i c  a c t i v i t y  o f  th e  b e n z o (a )p y re n e  
i t  was p o s s ib le  t o  c a l c u l a t e  th e  amount bound . The e x p e r im e n t 
was r e p e a te d  a t  i n c r e a s in g  b e n z o (a )p y re n e  c o n c e n t r a t io n s  
(d e c r e a s in g  s p e c i f i c  a c t i v i t y )  and by m aking a  S c a tc h a rd  
p l o t  i t  was p o s s ib le  t o  c a l c u l a t e  th e  a p p a re n t  a s s o c i a t i o n  
c o n s ta n t  f o r  each  b in d in g  s i t e  and th e  num ber o f  b in d in g  
s i t e s  p e r  mole o f  cy tochrom e P -450 .
5 .2 .3 *  M a te r ia l s
Sephadex ,G*“25 was o b ta in e d  from  P h arm ac ia  (G re a t B r i t a i n )  
L td , H ounslow , M id d le se x . B ip h e n y l, n - b u t a n o l , a n i l i n e  and 
c a rb o n  t e t r a c h l o r i d e  w ere s u p p l ie d  by BDH C h em ica ls  Ltd.,.
P o o le , D o r s e t .  Sodium h e x o b a rb i to n e  was o b ta in e d  from  May & 
B aker L td ,  Dagenham and  l a n o s t e r o l  from  S t e r a l b i d s  L td , 
C roydon, S u r re y , C y c lo h ex an e , n -o c ty la m in e ,  ( + ) - cam phor, 
o l e i c  a c id  (m eth y l e s t e r ) , 7 -e th o x y c o u m a rin  and  n a p h th a le n e  
w ere o b ta in e d  from  The Sigm a C hem ical C orp . (London) L td .
"iff':-
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5 . 3 . R e s u lts ,  and D is c u s s io n
5 . 3 . 1 » The S p e c t r a l  I n t e r a c t i o n s  o f  Compounds w ith  Y e a s t 
C ytochrom e Pr450
The num ber o f  compounds w hich  c o u ld  p ro d u ce  s p e c t r a l  
changes w ith  y e a s t  m ic ro som al f r a c t i o n  was e x tre m e ly  l im i te d  
when com pared w ith  h e p a t ic  m icro som es. The o n ly  compounds 
o th e r  th a n  b e n z o (a )p y re n e , w hich  i t  was found  c o u ld  p ro d u ce  
b in d in g  s p e c t r a  w ere im id a z o le  and sodium  p h e n o b a rb i to n e , ; 
b o th  o f  w hich  gave  ty p e  I I  s p e c t r a . ,
F ig u re  5 » ! shows th e  d i f f e r e n c e  b in d in g  sp e c tru m  o b ta in e d  
w i th  im id a z o le  i n  th e  c o n c e n t r a t io n  ra n g e  O 'to  2 . OmM and 
F ig u re  5 .2  i s  th e  d o u b le - r e c ip r o c a l  p l o t  o f  ^585_A3 ^ 
im id a z o le , c o n c e n t r a t io n ,  th e  s p e c t r a l  b in d in g  d i s s o c i a t i o n ;^  
c o n s ta n t  , . a s  c a l c u l a t e d  by  l e a s t  s q u a re s  r e g r e s s io n s  a n a l y s i s , 
was 0 . 35mM ( c o r r e l a t i o n  c o e f f i c i e n t  = 0 , 99 8 ) .  T hese r e s u l t s  
w ere s i m i l a r  t o  th o s e  p u b l is h e d  b y  D ic k in s  e t  a l  (1975) in  
w hich  a  ty p e  I I  sp e c tru m  v/as o b ta in e d  w ith  r a t  l i v e r  m icrpeom es 
h a v in g  a peak  a t  428nm, a  t ro u g h  a t  394nm and s p e c t r a l  b in d in g  
d i s s o c i a t i o n  c o n s ta n t  o f  0 , 17mivi,
The i n t e r a c t i o n  o f  sodium  p h e n o b a rb ito n e  w i th  y e a s t  
m icrosom es was v e ry  w eak, th e  sp e c tru m  had a  p eak  a t:420nm  
and a  t ro u g h  a t  385nm (F ig u re  5 .3 )  and th e : s p e c t r a l  b in d in g  
d i s s o c i a t i o n  c o n s ta n t  was 5 . 8mî/i (F ig u re  5*4) . ( c o r r e l a t io n  
c o e f f i c i e n t  ==-0 . 9 9 9 )
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F ig u re  5 - 2 .  The D o u b le -R e c ip ro c a l  P lo t  o f  t h e  S p e c t r a l  
B in d in g  o f  Im id a z o le  to  Y e a s t M icrosom es.
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F ig u re  5*3* The B in d in g  S pectrum  o f  Sodium P h e n o h a rh ito n e  
w ith  Y e as t M icrosom es.
Zià.
(153)
1/A 385~425nm
200
100
0 .60.2 0.20
l /  jsodium  P h e n o b a rb i to n ^
F ig u re  5 .^ *  The D o u b le -R e c ip ro c a l  P lo t  o f  th e  S p e c t r a l  
B in d in g  o f  Sodium P h e n o b a rb ito n e  t o  Y eas t M icrosom es.
\;k-: 1 . !
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As a l r e a d y  p o in te d  o u t ,  th e  b in d in g  o f  b e n z o (a )p y re n e  
t o  y e a s t  m icrosom es r e s u l t e d  i n  a  sp e c tru m  w hich  had two 
p eak s (365  and 385rm) and a  t ro u g h  a t  4l3nm  (F ig u re  5*5)•
As th e  sp ec tru m  was t i t r a t e d  w ith  b e n z o (a )p y re n e  th e r e  was 
an  in c r e a s e  i n  th e  b a s e - l i n e  below  400nm and so  d o u b le -  
r e c i p r o c a l  p l o t s  o f  A^^^ ^385-375nm  w ere p l o t t e d  a g a in s t
b e n z o (a )p y re n e  c o n c e n t r a t io n  i n  o rd e r  t o  d e te rm in e  th e  s p e c t r a l  
b in d in g  d i s s o c i a t i o n  c o n s ta n t  (F ig u re  3*6) w hich  was c a l c u l a t e d  
t o  be 32pM ( c o r r e l a t i o n  c o e f f i c i e n t  = 0 , 9 9 9 ) .
S o l u b i l i s a t i o n  o f  th e  y e a s t  m icrosom es d id  n o t  a l t e r  th e  
b in d in g  sp ec tru m  o b ta in e d  w ith  b e n z o (a ) p y re n e  n o r  was t h e r e  
much change i n  th e  v a lu e  o f  th e  d i s s o c i a t i o n  c o n s ta n t .
F ig u re  5*7 shows th e  d o u b le - r e c ip r o c a l  p l o t  f o r  s o l u b i l i s e d  
y e a s t  m icrosom es and th e  d i s s o c i a t i o n  c o n s ta n t  was c a l c u l a t e d  
a s  ( c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 9 8 ) .  Thus i t  w ould
seem t h a t  w hereas s o l u b i l i s a t i o n  h as a  l a r g e  e f f e c t  on th e  
k i n e t i c s  o f  b e n z o (a )p y re n e  m e tab o lism  ( s e e  C h a p te r  3) t h e .  
e f f e c t  on th e  s p e c t r a l  b in d in g  d i s s o c i a t i o n  c o n s ta n t  i s  s m a ll  
and t h i s  p r o b a b l y . r e f l e c t s  th e  v e ry  s t r o n g  i n t e r a c t i o n  o f  
b e n z o ( a ) p y ren e  w ith  cy tochrom e P -4 3 0 w h ich  o c c u rs  w h e th e r  
th e  enzyme i s  h e ld  i n  th e  m ic ro so m al membrane o r  s o l u b i l i s e d  
from  i t .
When r a t  l i v e r  m icrosom es w ere u se d  i n  p la c e  o f  y e a s t  
m icrosom es th e  same sp e c tru m  was o b se rv ed  and su c h  a sp e c tru m  
h a s  b e en  p u b l is h e d  (S s ta b ro o k  e t  a l , 1 9 7 8 ) . F ig u re  5»8 shows
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F ig u re  5 .5*  The B in d in g  S pectrum  o f  B e n z o (a )p y re n e  w ith  
Y e a s t M icrosom es.
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Figure 5 * 6 .  The Double-Reciprocal Plot of the Spectral 
Binding of Benzo(a)pyrene to Yeast Microsomes» ;
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F ig u re  5*7. The D o u b le -R e c ip ro c a l  P lo t  o f  t h e  S p e c t r a l  
B in d in g  o f  B e n z o (a )p y re n e  w ith  S o l u b i l i s e d  Y e a s t C ytochrom e P -450
- . . i '  - - r y : ' -  '- " \:.:..V" '-'
th e  d o u b le - r e c ip r o c a l  p l o t  o b ta in e d  by  u s in g  r a t  l i v e r  
m icrosom es and th e  v a lu e  o f  th e  s p e c t r a l  b in d in g  d i s s o c i â t  io n  
c o n s ta n t  was 9pM ( c o r r e l a t i o n  c o e f f i c i e n t  = 0 , 9 7 8 ) .  T h is  
was lo w e r th a n  t h a t  f o r  y e a s t  m icrosom es arid p ro b a b ly  r e f l e c t s  
th e  much lo w er v a lu e s  o f  Km f o r  th e  l i v e r  enzyme com pared 
w ith  th e  y e a s t  enzym e.
B e n z o (e )p y re n e  ( I  ) gave th e  same b in d in g  sp e c tru m  a s  
b e n z o (a )p y re n e  w i th  y e a s t  m icrosom es (F ig u re  5*9) and th e  
s p e c t r a l  b in d in g  d i s s o c i a t i o n  c o n s ta n t  (F ig u re  5 .1 0 )  was 
a l s o  s i m i l a r  t o  t h a t  o f  b e n z o (a )p y re n e  b e in g  A9mM ( c o r r é l a t i o n
c o e f f i c i e n t  f  0 .9 ^ 2 ) .
( I )
12
11
10
7I t  w ould seem t h e r e f o r e  t h a t  th e  s t r u c t u r a l  r e q u ir e m e n ts
f o r  t h i s  i n t e r a c t i o n  a re  m et e q u a l ly  by b o th  com pounds.
I t  i s  p o s s ib l e  t o  c a l c u l a t e  from  th e  b in d in g  sp e c tru m  
o f  b e n z o (a )p y re n e  w ith  m icrosom es th e  am ount o f  cy tochrom e 
P-450  t o  w hich  b e n z o (a )p y re n e  i s  bound s in c e  v a lu e s  f o r  th e  
e x t i n c t i o n  c o e f f i c i e n t  o f  th e  b e n z o (a )p y re n e -c y to c h ro m e  P-^50  
com plex have b een  p u b l is h e d .  T h is  v a lu e  i s  a  f u n c t io n  o f  th e  
h a e m o p ro te in  a n d >i s  n o t  a l t e r e d  by  th e  s o u rc e  o f  th e  enzyme.
. ' I , : : ' ^
(159)
^385~375nm^
20
16
12
400200100 0 100 300
l / [ B e n z o ( a ) p y r e n 0  (mM” ^ )
F ig u re  5*8 . The D o u b le -R e c ip ro c a l  P lo t  o f  th e  S p e c t r a l  
B in d in g  o f  B e n z o (a )p y re n e  w ith  R at L iv e r  M icrosom es.
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F ig u re  5»10, The D o u b le -R e c ip ro c a l  B lo t  o f  th e  S p e c t r a l  
B in d in g  o f  B e n z o (e )p y re n e  w ith  Y east M icrosom es.
' -I--/..
o r  th e  s u b s t r a t e  u se d . E s ta b ro o k  e t  a l  ( I 9 7 8 ) u sed  a v a lu e  
1 - 1o f  .cm"' f o r  th e  m axim al change i n  a b so rb a n c e  o b se rv e d
from  420 t o  ^OOnrn and P i n t i  e t  a l ' ( 1 9 7 9 ) u se d  a v a lu e  o f  
126mM~*^. cm~’^  f o r  th e  changé from  3^5 to  4 l9nm , T a b le  $ .1  
i l l u s t r a t e s  th e  c a l c u l a t i o n  o f  th e  amount o f  th e  b e n z p ( a ) -  
p y ren e -cy to c h ro m e  P-450 com plex p r e s e n t  d u r in g  th e  t i t r a t i o n  
o f  y e a s t  and l i v e r  m icrosom es u s in g  th e s e  v a lu e s .  The - 
p e rc e n ta g e  o f  l i v e r  cy tochrom e P-»450 w hich  was bound t o  . 
b e n a b (a )p y re n e  was sm a ll  arid t h i s  was p ro b a b ly  due t o  t h é  
f a c t  t h a t  c o n t r o l  m icrosom es w ere u sed  y i f  3 -m e th y lo h o la n th re n e -  
o r  b e n z o ( a ) p y r e n e - 'p re t r e a te d  m icrosom es had b e e n  u se d  th e  
p e rc e n ta g e  o f  th e  h a e m o p ro te in  bound t o  b e n z o (a )p y re n e  w ould 
have  b e en  a p p ro x im a te ly  46^ (E s ta b ro o k  e t  a l  , 1978)- r e f l e c t i n g  
th e  in c r e a s e d  p r o p o r t io n  o f  cy tochrom e P448 i n  th e  m ic ro so m es . 
The p e rc e n ta g e  o f  y e a s t  cy tochrom e P-45G bound t o  b ë n z o ( a ) -  
p y ren e  was in  th e  r e g io n  o f  30^  and t h i s  was h ig h e r  th a n  
f o r  th e  c o n t r o l  r a t  l i v e r  m icrosom es s u g g e s t in g  t h a t  th e re , 
was a  l a r g e r  p r o p o r t io n  o f  cy tochrom e p - 4 4 8 - l ik e  enzyme in , 
t h e  u n t r e a te d  y e a s t  m ic ro som es.
(1631 % ; \  ' y,::-'/"' ' '
. . .  . ' '
Y e as t R at L iv e r
B e n z o (a )p y re n e  Coho. (yM) 2 0 ,8 7*8 ::
Cytochrom e P -^50  Gone, (nM) 8 .3 1 8 ,7
^% 15nm 0 .1 5 5 0 .0 5 1
Aa^  p e a k - tro u g h 0 ,2 5 0 0 ,0 9 0
Compiex Cone• (415) (nM) 2 .7 0 ,9  \
Compiex Cone, ( p - t )  (nM) 2 ,0 0 .7  /
P e rc e n t  o f  P -450  (415) 3 3 .0 5 .Ô
P e rc e n t  o f  P -450  ( p - t ) 2 4 ,0 4 .0
T a b le  5*1 The C a lc u la t io n  o f  th e  P e rc e n ta g e  o f  th e  
Cytochrom e P -450  Bound as  Cytochrom e P -^5P --B ehzo (a )py rene  
Complex f o r  Y e a s t and R at L iv e r  M icrosom es,
'(Ï64) ' :X - ' '" - '
5 . 3 , 2 . The E q u il ib r iu m  G el F i l t r a t i o n  o f  t h e  B enzo(à ) p y rê n e -  
Gytôohrom e P-450 Complex
G el f i l t r a t i o n  e x p e r im e n ts  w ere c a r r i e d  Out a t  I n p f e a s in g  
b e n z o (a )p y re n e  c o n c e n t r a t io n s  (c )  u s in g  t h e  same amount o f  
cy tochrom e P-450 ( e ) .  The s p e c i f i c  a c t i v i t y  o f  th e  l a b e l l e d  
ben zo ( a )p y re n e  was d e te rm in e d  by c o u n tin g  a  50)^1 sam ple o f  
th e  e q u i l i b r a t i n g  b u f f e r  and t h i s  was used; t o  c a lc u la te ,  th e  
amount o f  b e n z o (a )p y re n e  bound t o  th e  cy toch rom e P-450 ( p ) .
F ig u re  5*11 shows a  t y p i c a l  r e s u l t  o f  one g e l  f i l t r a t i o n  
e x p e r im e n t. From th e  v a lu e s  o f  p , e and  c th u s  d e te rm in e d , 
p /e  (ÿ ) a n d iS /c  w ere c a l c u l a t e d  and S c a t  c h a rd  p l o t s  w ere 
c o n s t r u c te d  (F ig u re  5 * 1 2 ). The v a lu e s  o f  t h e  num ber o f  i
b in d in g  s i t e s  (n ) and th e  a p p a re n t  a s s o c i a t i o n  c o n s ta n t  (K) 
w ere th e n  e s t im a te d  by e x t r a p o la t i o n .  The e x p e r im e n t vms ;
p e rfo rm ed  u s in g  y e a s t  m ic ro so m e s ,(T a b le  5 -2 )  and c o n t r o l  :
r a t  l i v e r  m icrosom es (T ab le  5 -3 )*
■ . . ‘ ■ i
The v a lu e s  o f  n  d e te rm in e d  w ere 6 , 3 . f o r  y e a s t. 'm ic ro so m e s  !
and 0 ,9 5  f o r  r a t  l i v e r  m ic ro so m es, t h e s e  v a lu e s  a re  6 and 1 i
t o  th e  n e a r e s t  w hole num bers . Thus i t  w ould seem t h a t  s i x  j
m oles o f  b e n z o (a )p y re n e  w ere bound t o  e a c h  m ole o f  y e a s t  j
cy tochrom e P-450 p r e s e n t  com pared w ith  one m ole o f  
b e n z o (a )p y re n e  f o r  r a t  l i v e r  cy tochrom e P -4 5 0 .
The v a lu e s  d b t a in e d  f o r  th e  a s s o c i a t i o n ,c o n s t a n t s  o f : t h e
MB "1 '  ^ ^ Jy e a s t  and r a t  l i v e r  enzymes w ere  0,077nM~ and 0 . 064nM ■
r e s p e c t i v e l y  and w ere v e ry  s i m i l a r .  T h is  w ould s u g g e s t  t h a t
(165)
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F ig u re  5«11» A T y p ic a l .R e s u l t  o f  th e  G el F i l t r a t i o n  o f  
th e  B en zo (a )p y ren e -C y to ch ro m e  P-450 Complex.
( 1 6 6 )
5 / c  (rxTvr ) f o r  
Y e as t M icrosom es
i$/c (nM*“ ) f o r  R at 
L iv e r  M icrosom es
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F ig u re  5*12. The S c a tc h a rd  P lo t  o f  th e  E q u il ib r iu m  G el 
F i l t r a t i o n  o f  t h e  B enzo(a)py rene~ C ytochrom e P-^450 Complex 
from  Y e a s t ( O ) and R at L iv e r  M icrosom es ( #  ) .
(167)
C
(nlv'O
e
(nm oles)
P
(nm oles)
p /e
( f )
iS/c K ’ ' - 
(nM“ s:)
n
V .
1 .2 5 0 .0 2 0 .0 1 1 7  . 0 ,5 9 o.:4y2
.... -- ....
■0 . 0765 W6,. 3
^ 7 .5 9 0.02T 0 .0422 2 .1 1 0 . 278 :
1 3 .9 3 0 .0 2 0 .0 6 9 0 3 .4 5 0 .2 4 8
2D.27 0 .0 2 0 .0 7 2 0 3 .6 0 ■ 0 .1 7 8
2 ^ .6 2 0 .0 2 0 .0 9 0 0 4 .5 0 0 .1 6 9
T ab le  5 . 2 .  D a ta  from  th e  E q u i l l b r i m  G el F i l t r a t i o n  o f  
t h e  Benz o (a )  pyrene--Cytochrom e P-450 Complex f o r  Y eas t  
M icrosom es,
0
(nT4)
e
(p m o le s )
P
(pm oles)
p /e
(8)
S / c
( n i r ^ )
' K 
(nM~^)
n
2 ,5 3 .2 0 .3 5 0 .108 0 .0 4 3 0 .0642 0 ,9 5
8 .8 3 .2 1 .3 7 0 .428 0 .0 4 8
1 5 ,2 , 3 .2 1 .2 8 0 .400 0 .0 2 6
2 1 ,5 3 .2 1 .9 0 0 .5 9 4 0 .0 2 8 ■
T ab le  5»3* D a ta  from  th e  E q u i l ib r iu m  G el F i l t r a t i o n  o f  
th e  B en zo (a )p y ren e-C y to ch ro m e  p~4^0 Complex f o r  R at L iv e r  
M icrosom es,
t h e  a f f i n i t y  w i th  w hich  t h e  b e h z o (a )p y re n e  i s  bound ;bô t h e  
b i n d in g  s i t e s  o f  t h e s e  enzymes i s  a p p ro x im a te ly  th e  same.
I n  c o n t r a s t  w i th  t h i s ,  t h e  v a lu e  o f  t h e  s p e c t r a l  b in d in g  r 
d i s s o c i a t i o n  c o n s t a n t  was s m a l l e r  f o r  th e  l i v e r  enzyme th a n  
t h e  y e a s t  enzyme, w hich  s u g g e s t s  a s l i g h t l y  h i g h e r  a f f i n i t y  
o f  t h e  l i v e r  enzyme f o r  b e n z o (a )p y re n e  t h a n  t h e  y e a s t  enzyme.
- !
■   ■ ?■JT hese  r e l a t i v e l y  s m a l l  d i f f e r e n c e s  i n  t h e  v a lu e s  o f  t h e
a s s o c i a t i o n  and d i s s o c i a t i o n  c o n s t a n t s  o f  benzo (a):pyfenë 
f o r  r a t  l i v e r  and y e a s t  cy tochrom e P^450 a r e  n e g l i g a b l e  how ever, 
when com pared , f o r  exam ple , t o  th e  l a r g e  d i f f e r e n c e s  be tw een  
t h e  p u b l i s h e d  V a lues  o f  t h e  M ic h a e l i s  c o n s t a n t s  f o r  
b e n z o ( a ) p y r e n e  m e tab o lism  by t h e  r a t  l i v e r  enzyme and t h e
v a lu e s  d e te rm in e d  e x p e r i m e n t a l ly  f o r  t h e  y e a s t  enzyme. I t
, , ■ /  . Imay be c o n c lu d e d  t h a t  t h e s e  d i f f e r e n c e s  i n  t h e  Km a re  n o t  .1
due t o  d i f f e r e n c e s  i n  t h e  b e n z o ( a ) p y r e n e - p r o t e i n  i n t e r a c t i o n s  j
b u t  m ust be due t o  some o t h e r  d i f f e r e n c e s  i n  t h e s e  enzymes.
" ' . V ' . ■' IF o r  f u r t h e r  d i s c u s s i o n  o f  t h e s e  r e s u l t s  s e e  C h a p te r  6 . j
(170)
CHAPTER 6
F i n a l  D i s c u s s io n
6
6 . F i n a l  D i s c u s s io n
The e f f e c t  o f  c y c l i c  AMP on th e  b i o s y n t h e s i s  o f  cy tpchrom e 
P-4 5 0  d e s c r i b e d  h e r e  i s  one o f  th e  v e ry  few exam ples o f  a  
n e g a t i v e  e f f e c t  o f  t h i s  compound on p r o t e i n  s y n t h e s i s .  * 
R e c e n t ly ,  a  p o s i t i v e  e f f e c t  o f  c y c l i c  AMP h a s  b e e n  d e s c r i b e d  
by  Adhya & M i l l e r  (1979) when th e y  r e p o r t e d  t h a t  t h e  g a l  \ 
op e ron  o f  E. c o l i  was c o n t r o l l e d ,  by two in d e p e n d e n t  p r o m o te r s ,  
o n e ’was a c t i v a t e d  and th e  o t h e r  i n h i b i t e d  by c y c l i c  AMP and 
c y c l i c  AMP r e c e p t o r  p r o t e i n .  T hese  two p ro m o te r s  were 
m o d u la te d ,  h ow ev er ,  by t h e  same o p e r a t o r  l o c u s  and r e p r e s s o r  
p r o t e i n ,  i n  t h i s  way th e  p ro m o te rs  met t h e  a d d i t i o n a l  
r e q u i r e m e n t s  o f  g a l a c t o s e  enzymes f o r  a n a b o l i c  r e a c t i o n s  
u n d e r  ex trem e  p h y s i o l o g i c a l  c o n d i t i o n s , t h a t  i s  e x c e s s  and  
d e f i c i e n c y  o f  c y c l i c  AMP.
T h a t  g lu c o s e  e f f e c t s  t h e  a c t i v i t i e s  o f  cy toch rom es  w i. th in  
t h e  C e l l ,  p a r t i c u l a r l y  m i to c h o n d r i a l  c y to c h ro m e s ,  i s  w e l l  
e s t a b l i s h e d .  P o l a k i s  e t  a l  (1964) found  t h a t  t h e  c o n c e n t r a t i o n  
o f  t h e  m i t o c h o n d r i a l  cy to ch rom es  i n  S . c e r e v i s i a e  v a r i e d  
i n v e r s e l y  w i th  t h e  g lu c o s e  c o n c e n t r a t i o n  o f  t h e  medium and 
J o l lo w  e t  a l  (1 9 6 8 ) showed t h a t  th e  fo rm a t io n ;  o f  m i to c h o n d r ia  
i n  t h i s  y e a s t  depended  oh t h e  a v a i l a b i l i t y  o f  e r g o s t e r o i  , 
and u n s a t u r a t e d  f a t t y  a c i d s .  Note t h a t  t h i s  r e q u i r e m e n t  
f o r  e r g o s t e r o i  may be r e l a t e d  t o  t h e  p ro p o se d  r o l e  o f  
cy tochrom e P-?450 i n  s t e r o i d  m e ta b o l ism , p a r t i c u l a r l y  s i n c e  
i t  h a s  b e en  shown i n  t h i s  t h e s i s  t h a t  t h i s  enzyme seem s t o
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a p p e a r  when t h e  y e a s t  i s  g row ing  r a p i d l y  and w ould  t h e r e f o r e  
have a  l a r g e  r e q u i r e m e n t  f o r  t h e  c o n s t i t u e n t s  o f  t h e  c e l l u l a r  
membrane and a l s o  f o r  m i to c h o n d r i a .  I n  t h e  c e l l - c y c l e  o f  
S c h i z 03accharom yces pombe grown a e r o b i c a l l y  i n  l ^ - g l u c o s e  
(P o o le  e t  a l )  i t  was found  t h a t  t h e  amounts o f  cy tochrom e 
o x id a s e  and cy tochrom e b o s c i l l a t e d  i n  p h ase  and t h a t  t h e  
a n o u n ts  o f  cy tochrom e P -450  i n c r e a s e d  d u r in g  t h e  f i r s t  t h r e e -  
q u a r t e r s  o f  t h e  c e l l - c y c l e , cy tochrom e P-450 a p p e a re d  t o  
have  a  p h y s i o l o g i c a l  f u n c t i o n  s i n c e  i t  was r e d u c i b l e  by 
g lu c o s e  and endogenous s u b s t r a t e s .
W hile  e v id e n c e  was p r e s e n t e d  i n  t h e  I n t r o d u c t i o n  t h a t  
c y c l i c  AMP b ro u g h t  a b o u t  g l u e o s e - d e r e p r e s s i o n  i n  y e a s t .
Law & F e r r o  (1977) have  e x t r a p o l a t e d  s i m i l a r  f i h d i n g s  t o  
i n c o r p o r a t e  S -a d e n o s y lm e th io n in e  i n  a  t h e o r y  o f  c e l l u l a r  1 
r e g u l a t i o n .  I n  S . c e r e v i s i ae  i t  h a s  b e e n  shown t h a t  t h e  
i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  S - a d e n o s y l m e th i o n i n e : i s  
d e p e n d e n t  on t h e  g lu c o s e  c o n c e n t r a t i o n  o f  t h e  medium (S c h le n k  
e t  a l . 1965 ) and s i n c e  t h e  s y n t h e s i s  o f  S -a d e n o s y lm e th io n ir ie  
r e q u i r e s  t h e  t r a n s f e r  o f  an  a d e n o s y l -m o ie ty  f r o m •ATP t o  
m e th io n in e ,  t h e s e  compounds s h a r e  a m e ta b o l i c  p r e c u r s o r  w i th  
c y c l i c  AMP. Law & F e r r o  ( I 9 7 7 ) found  t h a t  S -a d e n o s y lm e th ib n in e  
i n h i b i t e d  RNA s y n t h e s i s  d u r i n g  g l u c o s e - d e r e p r e s s i o n  o f  
S . c e r e v i s i a e  and t h a t  c y c l i c  AMP s t i m u l a t e d  RNA s y n t h e s i s , 
i n d i c a t i n g  t h a t  t h e s e  compounds w ere  a n t a g o n i s t s  and t h e r e f o r e  
s u p p o r t i n g  t h e  i d e a  t h a t  S -a d e n o s y lm e th io n in e  f i m c t i o h s  a s  
a  r e g u l a t o r y  m o le c u le .
.-r'. '. A  c : - '  '
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I t  h a s  b e en  shown i n  t h i s  t h e s i s  t h a t  t h e  a d d i t i o n  o f  
exogenous c y c l i c  AMP t o  a  s u s p e n s io n  o f  y e a s t  p r o t o p l a s t s  
i n h i b i t e d  t h e  f o r m a t io n  o f  cy tochrom e P -4 5 0 . P r o t o p l a s t s  
w ere u se d  i n  t h e s e  e x p e r im e n ts  b e c a u se  i t  was th o u g h t  t h a t  
t h e  n u c l e o t i d e  would n o t  be  a b l e  t o  p a s s  th r o u g h  t h e  i n t a c t  
c e l l  w a l l .  How ever, M ah ler  & L in  (1978) have  d e m o n s t r a te d  
t h a t  c y c l i c  AMP added  t o  a  s u s p e n s io n  o f  y e a s t  c e l l s  
m a in ta in e d  i n  g lu c o s e  medium w as a b le  t o  overcome t h e  
c a t a b e l i t e  r e p r e s s i o n  o f  t h e  enzyme S - a m in o l e v u l i n a t e  
d e h y d ro g e n ase  i n  S .  c e r e v i s i a e  w hich  i m p l i e s  t h a t  c y c l i c  
AMP can  p e n e t r a t e  t h e  i n t a c t  c e l l  w a l l .
As f a r  a s  t h e  m e ta b o l i c  a c t i v i t y  o f  cy toch rom e  P-450 
from  S . c e r e v i s i a e  i s  c o n c e rn e d ,  t h i s  w ould seem t o  be 
s e v e r e l y  l i m i t e d  when compared t o  t h e  v a s t  nuiTiber o f  d i f f e r e n t  
s u b s t r a t e s  w h ich  hav e  b e en  r e p o r t e d  f o r  t h e  h e p a t i c  m ic ro so m a l 
enzyme. The o n ly  s u b s t r a t e  w h ich  was fo u n d  t o  be  a t  a l l  
s u i t a b l e  was b e n z o ( a ) p y r e n e .  The a c t i v i t y  o f  t h e  enzyme 
to w a rd s  t h i s  compound was much l e s s  t h a n  h a s  b e e n  r e p o r t e d  
f o r  t h e  mammalian sy s te m . I t  m ust be c o n c lu d e d  t h a t  t h e  
endogenous s u b s t r a t e  i s  m e ta b o l i s e d  a t  g r e a t e r  r a t e s  t h a n  
t h o s e  fo u n d  f o r  b e n z o (a ) p y re n e  and t h a t  t h i s  s u b s t r a t e  
re m a in s  t o  be fo u n d .  However, i n  c o n s t r a s t  w i th  t h i s  a r e  
t h e  o b s e r v a t i o n s  o f  t h e  J a p a n e s e  w o rk e rs  i n  t h i s  a r e a  v/ho 
have su c c e e d e d  i n  m e a su r in g  t h e  l 4 a - d e m e t h y l a t i o n  o f  
l a n o s t e r o l  by  a  r e c o n s t i t u t e d  sy s tem  c o n t a i n i n g  cy toch rom e 
P-4 5 0  from  S . c e r e v i s i a e  • (Aoyama & Y o s h id a ,  1978 a ) .
(174)
T h ere  i s  a l s o  t h e  p o s s i b i l i t y  t h a t  t h e  m etho d  o f  
p r e p a r a t i o n  o f  t h e  y e a s t  enzyme i s  i n  some w ay s e l e c t i n g  
one enzyme from  a  m ix tu re  o f  enzym es, f o r  e x a m p le ,  by v i r t u e  
o f  d i f f e r e n c e s  i n  th e r m a l  s t a b i l i t y  d u r in g  t h e  d i s r u p t i o n  
p r o c e d u r e .  I f  t h e  enzyme was p r e p a r e d  from  o s m b t i c a l l y  
d i s r u p t e d  y e a s t  p r o t o p l a s t s ,  f o r  ex am ple , i t  may be t h a t  
a c t i v i t y  to w a rd s  o t h e r  compounds m ig h t be  d e t e c t e d .  An 
e x p e r im e n t  i n  w hich  p r o t o p l a s t s  were made f ro m  y e a s t  grown 
i n  ZO ^-g luoose  medium r e s u l t e d  i n  no cy to c h ro m e  P-450 b e in g  
r e c o v e r e d ,  p re su m ab ly  s i n c e  t h e  m ethod o f  p r o t o p l a s t  f o r m a t io n  
u se d  r e q u i r e s  a  lo n g  p e r io d  (1 .5 h )  a t  30^C a n d  a l l  t h e  enzyme 
was d e n a tu r e d .  The a b sen ce  o f  o t h e r  a c t i v i t i e s  co u ld  a l s o  
be  due t o  t h e  p r e s e n c e  o f  endogenous s u b s t r a t e s  bound t o  
t h e  enzyme. However, e x p e r im e n ts  i n  w hich  m ic ro so m es  w ere 
p r e - i n c u b a t e d  w i th  NADPH t o  remove endogenous s u b s t r a t e  fo l lo w e d  
by  a t t e m p t s  t o  o b t a i n  b i n d in g  s p e c t r a  w i th  v a r i o u s  compounds 
were u n s u c c e s s f u l .
W ith  r e s p e c t  t o  benzo  (a )  p y r e n e ,  i t  w i l l  b e  n o te d  t h a t  
t h e  v a lu e s  o f  t h e  s p e c t r a l  b i n d in g  d i s s o c i a t i o n  c o n s t a n t  
( e , g .  32pM f o r  y e a s t  m ic ro so m al f r a c t i o n  com pared  w i th  
f o r  r a t  l i v e r  m ic ro so m al f r a c t i o n )  and t h e  M i c h a e l i s  c o n s t a n t  . 
(0 . 451#! f o r  th e  NADPH-supported r e a c t i o n  u s i n g  c o n t r o l  y e a s t  
enzyme compared w i t h  t h e  p u b l i s h e d  v a lu e s  o f  0 .6  t o  lOOpM 
f o r  c o n t r o l  r a t  l i v e r  enzyme) a r e  v e ry  d i f f e r e n t  i n  t h e  c a se  
o f  t h e  y e a s t  enzyme a l th o u g h  t h e y  a r e  a p p r o x im a te ly  t h e  same 
i n  t h e  c a se  o f  t h e  r a t  l i v e r  enzyme. A c l o s e  c o r r e l a t i o n
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b e tw ee n  Ks and Km v a lu e s  h a s  b e en  found  f o r  some ty p e  I  ]
i n t e r a c t i o n s ,  U l l r i c h  e t  a l  (1973) f o r  ex am ple , fo und  t h a t  -
i n  t h e  c a s e  o f  t h e  0 - d e e t h y l a t i o n  o f  7 -e th o x y c o u m a rin ^  t h e  ;
Ks and Km v a lu e s  a g re e d  e x a c t l y  f o r  sodium  p h e n o b a rb i to n e A  
and 3“m e th y lc h o la n th r e n e * r p r e t r e a te d  a n im a lb ,  b u t  t h e r e  have  . i
a l s o  b e e n  a  number o f  c a s e s  whére Ks and Kiii v a lu e s  have  h o t  j
a g r e e d .  K ra tz  & S t a u d in g e r  ( I 9 6 8 ) fou nd  t h a t  t h e  Ks v a lu e  1
f o r  coum arin  was some 100 t im e s  g r e a t e r  t h a n  t h e  ïün. S in c e  
Km v a lu e s  f o r  m ic ro so m al d ru g  m e tab o lism  encom pass t h e  i n d i v i d u a l  J 
k i n e t i c s  o f  s e v e r a l  com ponents o f  a  com plex s y s te m ,  t h e  p p p r  ^
c o r r e l a t i o n  b e tw een  Km and Ks i s  n o t  s u r p r i s i n g  e s p e c i a l l y  
a s  t h e  o p t i c a l  Ghanges d e f in e d  by  Ks v a lu e s  r e s u l t  p r i m a r i l y  J
from  c o n f o r m a t io n a l  changes  i n  cy tochrom e P -4 5 0 , w h ich  i s  
o n ly  one componeht o f  t h e  monooxygehàse s y s te m .  D i f f e r e h b e s  j
be tw een  t h e s e  two p a ra m e te r s  a r e  even more l i k e l y  i f  o n ly  : j
a  p r o p o r t i o n  o f  t h e  cy tochrom e P---450 i s  engaged  i n  t h e  f o r m a t io n  j 
o f  a  s p e c t r a l l y  a p p a r e n t  s u b s t r a t e  com plex ( s e e  ^C hap ter  5)#
S t u d i e s  o f  t h e  m e ta b o l ism  o f  b e n z o ( a ) p y r e n e  have  shown 
t h a t  i n  mammalian sy s te m s  c e r t a i n  a r e a s  o f  t h e  m b le c u ie  a r e  
p r e d o m in a n t ly  t h e  s i t e  o f  h y d ro x y la t io n >  t h e s e  a r e  t h e  3 - r 
4 -  and 5 - p o s i t i o h s  and t h e  7 - ,  8 - ,  9 -  and 1 0 - p o s i t i o n s  and 
b e c a u se  o f  t h i s  O b s e rv a t io n  i t  h a s  b e en  p ro p o se d  (E stab rob lc  : 
e t  a l , 1978 ) t h a t  t h e  b e n z o (a )p y re n e  m o l e c u l e ' i n t e r a c t s  w i th  
t h e  cytochrome; P-4 5 0  i n  su c h  a  way t h a t  t h e / a r e a  o f  t h e  
m o le c u le  i n t e r a c t i n g  w i th  o x y g e n . i s  d i r e c t l y  o v e r  th e ;h ae ra  
i r o n .  Which i s  t h e  s i t e  o f  oxygen b i n d i n g . I n  t h e  p r e s e n t
(176)
s tu d y  i t  was o b se rv e d  t h a t  b e n z o (e ) p y r e n e  p ro d u c e d  t h e  same 
s p e c t r a l  i n t e r a c t i o n  w i th  y e a s t  m icrosom es a s  d id  b e n z o (a )p y re n e  
and t h i s  would s u g g e s t  t h a t  i t  i s  t h e  7~, 8~, 9-*» 1 0 - ,  11- 
and 1 2 - p o s i t i o n s  o f  t h e  b e n z o (a )p y re n e  m o le c u le  ( I )  and t h u s  
t h e  9 - ,  1 0 - ,  1 1 - ,  1 2 - ,  1 -  and 2 ~ p o s i t i o n s  o f  b e n z o (e )p y re n e  
( I I )  w hich  a r e  in v o lv e d  i n  t h i s  i n t e r a c t i o n .  I t  would 
t h e r e f o r e  be o f  i n t e r e s t  t o  i n v e s t i g a t e  t h e  p o s s i b l e  m e tab o lism  
o f  b e n z o ( e ) p y r e n e  i n  o r d e r  t o  g a in  f u r t h e r  i n s i g h t  i n t o  t h i s  
i n t e r a c t i o n .
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As h a s  a l r e a d y  b e e n  d e s c r i b e d ,  t h e r e  a r e  two m a jo r  form s 
o f  cy tochrom e P -4^0  found  i n  mammalian sy s te m s  a c c o rd in g  
t o  t h e  i n d u c e r s  u s e d ,  t h e s e  a r e  c h a r a c t e r i s e d  by th e  a b s o r p t io n  
maxima o f  t h e i r  c a rb o n  m o n o x id e -b in d in g  s p e c t r a  a s  e i t h e r  
cy tochrom e P-4^0  o r  P -4 4 8 . However, t h e r e  i s  some d o u b t ,  
s i n c e  e a c h  o f  t h e s e  enzymes may be a  m ix tu re  o f  d i f f e r e n t  
f o r m s , v /h e th e r  t h e s e  w a v e le n g th s  a r e  a  t r u e  i n d i c a t i o n  o f  
t h e  a c t u a l  a b s o r p t i o n  maxima o r  w h e th e r  t h e y  r e p r e s e n t  a v e ra g e  
v a l u e s .  I n  m ic r o b i a l  sy s te m s  p u r i f i e d  cy tochrom e P-^^O from  
R h izopus sp  had  t h r e e  s e p a r a t e  h a e m o p ro te in s  w hich  had
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a b s o r p t i o n  maxima a t  4 4 9 , 449 and 447nm (A ppleby , 1978) w h i le  
t h e  cy tochrom e P -450  from  Pseudomonas p u t i d a  had  a b s o r p t io n  
maximum o f  446nm (O 'K e e ffe  ^  1 9 7 8 ) .  I n  y e a s t ,  Y o sh id a
& Kumaoka (1975) fo un d  th e  a b s o r p t i o n  maximum o f  a  p a r t i a l l y  
p u r i f i e d  p r e p a r a t i o n  t o  be a t  448nm and i t  h a s  b e en  m easured  
i n  t h e  sy s te m  u n d e r  s tu d y  i n  t h i s  t h e s i s  a s  b e in g  a t  449nm.
Thus t h e  te rm  cy tochrom e P-450 h a s  b e en  u se d  th ro u g h o u t  f o r  
t h e  y e a s t  enzyme i n  a  p u r e l y  g e n e r i c  form  and d oes  n o t  mean 
t h a t  t h e  a b s o r p t i o n  maximum o f  t h e  CO-complex was a t  450nm.
. D i f f e r e n c e s ,  i n  t h e  M i c h a e l i s -M enten p a ra m e te r s  f o r  a r y l  
h y d ro c a rb o n  h y d r o x y la s e  b e tw een  th e  NADPH- and cumene 
h y d r o p e r o x id e - s u p p o r te d  r e a c t i o n s  were fou nd  i n  C h a p te r  3.
B oth  t h e  Km and t h e  Vmax w ere g r e a t e r  f o r  t h e  cumene 
h y d r o p e r o x id e - s u p p o r te d  r e a c t i o n .  T hese  two r e a c t i o n s  have  
b e en  compared i n  t h e  l i v e r  (Yang & S t r i c k h a r t ,  1978) where 
o t h e r  d i f f e r e n c e s  were fo u n d ,  f o r  exam ple , t h e  cumene 
h y d r o p e r o x id e - s u p p o r te d  r e a c t i o n  was s lo w e r  t h a n  w i th  NADPH.
The e f f e c t s  o f  i n h i b i t o r s  on t h e s e  two r e a c t i o n s  f o r  
sodium  p h e n o b a r b i to n e ,  3 - m e th y lc h o la n th r e n e  and c o n t r o l  
m icrosom es was a l s o  d i f f e r e n t  b u t  i t  was c o n c lu d e d  by th e  
a u th o r s  t h a t  t h e s e  d i f f e r e n c e s  d id  n o t  r u l e  o u t  th e  p o s s i b i l i t y  
t h a t  b o th  r e a c t i o n s  p ro c e e d e d  by th e  same cy tochrom e P-450 
i n t e r m e d i a t e .  The o b se rv ed  d i f f e r e n c e s  i n  t h e  r e a c t i o n s  
m ig h t  b e  due t o  d i f f e r e n c e s  be tw een  cy tochrom e P-450 and 
P-448  i n  t h e  s t e p s  p r i o r  t o  t h i s  i n t e r m e d i a t e  i n  th e  c a t a l y t i c  
c y c l e .
(178)
Yang a l  (19?8) have a l s o  i n v e s t i g a t e d  t h e  a r y l  
h y d ro c a rb o n  h y d r o x y la s e  a s s a y  when t h e  b e n z o ( a )p y re n e  was 
added a t  37^0 o r  a t  lo w e r  t e m p e r a tu r e s  (15- 20 ^0 ) and found  
t h a t  m easured  a c t i v i t y  was g r e a t e r  i n  t h e  fo rm e r  m ethod.
They co n c lu d ed  t h a t  m icrosom es can  e x i s t  i n  two s t a t e s  . 
a c c o r d in g  t o  th e  am b ien t t e m p e r a t u r e ,  one form  h a v in g  g r e a t e r  
a c t i v i t y  than, t h e  o t h e r .  I t  has  a l r e a d y  been  p o in te d  ou t 
t h a t  t e m p e r a tu r e  can  e f f e c t  th e  s p i n  s t a t e  o f  cy tochrom e 
P-450 and i t  may be t h a t  su ch  changes  i n  s p i n  s t a t e  a r e  o f  
g r e a t  im p o r ta n c e  i n  t h e  c a t a l y t i c  a c t i v i t y  o f  t h e  enzyme. 
T e m p era tu re  a l s o  i n f l u e n c e s  membrane f l u i d i t y  by  means o f  
i t s  e f f e c t  on l i p i d  and t h i s  may p r e s e n t  an  a l t e r n a t i v e  
e x p l a n a t i o n  o f  t h e s e  o b s e r v a t i o n s .
I t  was shown i n  C h a p te r  5 t h a t  th e  s t o i c h i o m e t r y  o f  
b e n z o (a )p y re n e  b in d in g  t o  r a t  l i v e r  m icrosom es was 1 :1  
( i . e .  one b in d in g  s i t e )  w h e reas  t h e r e  were s i x  b in d in g  s i t e s  
i n  t h e  c a se  o f  y e a s t  m ic ro so m es . These r e s u l t s  r e p r e s e n t  
a  s i g n i f i c a n t  d i f f e r e n c e  be tw een  t h e s e  two enzym es, assum ing  
t h a t  t h e  g r e a t e r  b in d in g  by y e a s t  m icrosom es was n o t  due t o  
n o n - s p e c i f i c  b i n d in g .  Work i n  c o l l a b o r a t i o n  w i th  th e  
D ep ar tm en t o f  C h e m is try  (S . L ib o r ,  p e r s o n a l  com m unica tion )  
i n  w hich  t r i t i u m  l a b e l l e d  b e n z o (a )p y re n e  was bound t o  y e a s t  
cy tochrom e P-450 p u r i f i e d  t o  hom o gen e ity  a c c o r d in g  t o  g e l  
e l e c t r o p h o r e s i s ,  showed t h a t  1 7 . 5nm oles o f  b e n z o ( a ) p y r e n e  
were bound t o  3nm oles o f  cy tochrom e P -4 5 0 ,  t h i s  a p p ro x im a te s  
t o  a  6 :1  s t o i c h i o m e t r y .  T h is  c o n f i rm s  t h e  r e s u l t s  o b ta in e d
(179) .1
by e q u i l i b r i u m  g e l  f i l t r a t i o n  b u t  s i n c e  th e  p u r i f i e d  enzyme 
r a t h e r  th a n  th e /m ic r o s o m a l  f r a c t i o n  was u sed  t h i s  r u l e s  ; p u t  
t h e  p o s s i b i l i t y  o f  n o n - s p e c i f i c  b i n d in g .  T h is  s t o i c h i o m e t r y  
d o e s ,  how ever, assume t h a t  a l l  t h e  b in d in g  s i t e s  on t h e  
cy tochrom e P-450 a r e  o c c u p ie d ,  w hereas th e  r e s u l t s  from  
s p e c t r a l  b in d in g  d a t a  p r e s e n t e d  i n  C h a p te r  5 showed t h a t  
o n ly  some 30^ o f  t h e  y e a s t  cy tochrom e P-450 p r e s e n t  was- l  
bound t o  b e n z o (a ) p y re n e .
Thus th e  r a t i o  o f  6 :1  w hich  has  b e en  m easu red  i n  t h e s e  
two e x p e r im e n ts  was o n ly  a s  a  r e s u l t  o f  30^  o f  t h e  cy tochrom e 
P-450 b e in g  bound t o  benzo  (a )  p y re n e .  In  th e  s p e c t r a l  
b i n d in g  e x p e r im e n t s ,  t h e  e x c e s s  o f  b e n z o ( a ) p y r e n e  o ve r  - "  
cy tochrom e P-450 was 1 0 0 0 - fo ld  and t h e r e f o r e  i t  seems l i k e l y  
t h a t  t h e  b e n z o (a )p y re n e  was bound t o  a  maximum e x t e n t . '  ' ,  
T h is  means t h a t  i n  o r d e r  t o  o b t a i n  a  6 :1  s t o i c h i o m e t r y . i n  
t h e  b i n d in g  o f  b e n z o (a ) p y r e n e  t o  cy tochrom e P -4 5 0  t h e  t o t a l  
number o f  b in d in g  s i t e s  i n  th e  30% f r a c t i o n  o f  th e  cy toch rom e 
P-450 p o p u la t io n  w hich  b in d s  b e n z o (a )p y re n e  m u st  be tw e n ty .
The e q u i l i b r i u m  g e l  f i l t r a t i o n  e x p e r im e n ts  a l s o  assum ed 
100% b i n d in g  o f  b e n z o ( a ) p y r e n e  t o  cy tochrom e P -4 5 0 , b u t  s i n c e  
i n  t h e s e  e x p e r im e n ts  t h e  e x c e s s  o f  b e n z o ( a )p y r e n e  o v e r  
cy tochrom e P-450 was a l s o  a p p ro x im a te ly  1 0 0 0 - f o ld  t h e r e  i s  
no b a s i s  f o r  t h i s  a s s u m p t io n .  I t  seems l i k e l y ,  t h e r e f o r e ,  
t h a t  t h e  o b se rv ed  1 :1  s t o i c h i o m e t r y  f o r  r a t  l i v e r  m icrosom es 
c a n n o t  be  i n t e r p r e t e d  a s  m eaning  t h a t  t h e r e  was o n ly  one
(180)
b in d in g  s i t e .  I t  was c a l c u l a t e d  t h a t  r a t  l i v e r  m icrosom es 
o n ly  bound b e n z o ( a )p y r e n e  t o  an e x t e n t  o f  5% and so  by a 
s i m i l a r  p r o c e s s  o f  d e d u c t io n  t o  t h a t  above i t  can  be se e n  
t h a t  t h i s  means t h a t  r a t  l i v e r  cy tochrom e P -450  c o n s i s t s  
o f  o n ly  5% w hich  can  b in d  b e n z o (a )p y re n e  b u t  t h a t  t h i s  m ust 
a l s o  have  tw e n ty  b i n d in g  s i t e s  ( n .b .  5% o f  20 i s  1 ) .  T h e r e fo r e  
i t  would seem t h a t  w hereas  i t  was i n i t i a l l y  th o u g h t  t h a t  
t h e r e  was a  d i f f e r e n c e  be tw een  y e a s t  and r a t  l i v e r  cy tochrom e 
P -450 w i th  r e s p e c t  t o  t h e i r  a b i l i t y  t o  b in d  b e n z o ( a ) p y r e n e , 
i t  may be t h a t  th e  a c t u a l  p r o t e i n  m o le c u le s  r e s p o n s i b l e  f o r  
t h i s  i n t e r a c t i o n  a s  s i t u a t e d  i n  th e  l i p i d  e n v iro n m en t o f  
t h e  m ic ro so m al membrane a r e ,  i n  f a c t ,  v e ry  s i m i l a r .
(181)
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Rapid and Economical Production of Microsomal Cytochrome P-450 in 
Yeast Resuspended in 20% Glucose Medium: Relationship to the 
Biosynthesis of Mitochondrial Cytochromes
ALAN WISEMAN and LEONARD R  J. WOODS
Department o f  Biochemistry, Unioersity o f  Surrey, Guildford, Surrey GU2 5X R , U.K.
Cytochrome f -450 was originally found in anaerobically grown baker’s yeast and to a 
lesser extent in yeast grown aerobically to the end of the exponential phase o f growth in 
relatively high-glucose medium (4%, w/v) (Lindenmeyer & Smith, 1964). Good yields of 
cytochrome /’-450 can be obtained under conditions of glucose repression o f mito­
chondria, for example in 2 0 % glucose medium, and the presence of cytochrome 0+ 03  
(cytochrome oxidase) was noted to be reciprocal with cytochrome jP-450 (Wiseman et 
«A, 1975).
We now report a rapid and economical production of relatively large amounts of cyto­
chrome P-450 when a heavy inoculum of yeast, previously grown to the end of the 
exponential phase in growth medium containing as little as 0.5% glucose, is trans­
ferred to a relatively small volume of 20% glucose medium (4-fold growth of the yeast 
occurs).
This synthesis, over at least 8 h, is accompanied by a failure to resynthesize cyto­
chrome «-{-«3 (unlike the resynthesis of cytochromes b  and c that occurs after a 4h lag 
phase) despite growth. Theconcentration of cytochrome n-fnj in the yeast was measured 
by the method of Williams (1964) from the retluced-versus-oxidized differerice spectrum. 
In this method, four simultaneous equations in four unknowns were derived from the 
knowledge of the contributions in absorbance of each cytochrome to the major maxima 
and minima of each of these cytochromes. Measurement o f the difference in absorbance 
at four wavelength pairs between 500 and 640 nm enables the equations to be solved, 
this process being speeded up considerably bv us by the use bif a computer progri.m. 
Spectra similar to those obtained by Williams (1964) for isolated rat liver mitochondria 
have been reported for whole baker’s-yeast cells (Chance, 1957) and i:àv Soccharomyces 
cerevisiae Sioà. Candida lipolytica {Skx'piQti et al.,
Saccharomyces cerevisiae (N.C.Y.C. no. 240) was grown from a slope culture as 
described previously (Wiseman et ai., 1975), in 0.5% glucose medium. The yeast was 
harvested by centrifugation after 48 h and washed once in lOOmM-cItrate/phosphate 
buffer, pH 5.8. The yeast thus obtained was divided into 500mg amounts and each re­
suspended in ISrnl of 20% glucose growth medium in a 25 ml conical flask and shaken 
at 30°C as before.
At various time intervals up to 24h the yeast suspension was centrifuged and the 
pressed (wet) weight of yeast was determined. The yeast was then resuspended in 5 ml of 
distilled water, and 2.5ml put into each of two 3 ml spectrophotometer cuvettes. A few 
grains of sodium dithionite were added to the sample cell and 50/^ 1 of 20-volUme 
hydrogen peroxide was added to the reference cell. The difference spectrum between 500 
and 640nm was then measured in a Unicam SP. 1800 recording spectrophotometer. The 
concentration of cytochrome P-450 was measured as described by Wiseman et al. (1975) 
by reducing the contents of the reference cell with sufficient dithionite.
Fig. 1 shows rapid production, and maintenance of a, high concentration of cyto­
chrome P-450, especially in view of the 4-fold growth o f the yeast with no apparent lag 
phase, in 20 % glucose medium in about lOh. There is no synthesis o f cytochrome o+oj 
and therefore its concentration per g of yeast decreases in line with the dilution of the
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existing enzyme with growth of the yeast (Fig. 2). The other cytochromes, especially 6  
and c, increase in concentration after the initial reduction, presumably as a result of 
their synthesis after an initial lag phase (regardless of growth). Studies of the energy
ISO
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o eo
_ j
24 24
Time after transfer to 20% glucose (h)
Fig. 1. Production o f  cytochrome P-450 (a) and growth o f  yeast (6) after transfer o f  yeast 
from  0.5 % /n 20 % glucose medium
Each point is the mean of five to seven deterrninations±s.B.M.
Cytochrome a Cytochrome b
>>*S
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Q
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15Cytochrome c, Cytochrome c
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Fig, 2. Concentrations {nmoljg wet wt. o f  yeast) ofcytochromes a, b, Ci and c after transfer 
o f  yeast from  0.5 to 20%  glucose medium
Each point is the mean of five to seven determinations ±  s.E.M.
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requirements of this process show that energy production in mitochondria is not 
required. Thus incubation in 20% glucose medium containing 1 mM-KCN, which will 
inhibit cytochrome: oxidase by 98 % (Slater, 1950), had ho effect On the growth of yeast 
or production of cytochrome: Rr450l However; incubation o f  yeast vyith sOmM-iodo- 
acetatei which inhibits glycolysis at hexbkînàse (Jones oA, 1975), glyceraldehyde 
3-phosphate dehydrogenase (Levitski, 1974) and alcohol dehydrogenase (Hasilik; 1973), 
completely stopped any growth of yeast or increase in cytochrome R-450. The changes in 
cytochromes shown in* Fig. 2 were not altered by the presence o f cyanide.
. A decrease in cytochrome oxidase concentration as expressed pèr cell haà been shown 
to occur in synchronous growth of Sqcchciromyces cereamae in 3 % glupose (Cottrell & 
Avers, 1970). More recent work has shown that incubation of baker’s yeast in 10% 
glucose produces cataboli te repression of reduced coenzyme Q-cytochrorne ç rëdUctàsè 
(complex III) and cytochrorhe oxidase (complex IV) activities o f  mitbchohdfia via â  
mitochohdrially translated repressor protein (Rouslin, 1976). Our results on the 
repressiori of cytochrome oxidase by glucose apd the concomitant increase in cyto­
chrome F450 can probably, be explained by the correlation With low concentrations o f
cyclic AMP in the ceh under conditions of high glucose concentration (yah Wijk &IConijn, 1971). During the growth 6 f yeast, the concentration o f cyclic AMP is inversely- 
related to that of cytochrome P-450 (A. Wiseman & T. K. Lim, unptiblished work) 
function of cytochrome P-;450 in glucose-repressed yeast is t\ot clear, although it may act 
as a lipid hydroxylase in the production of elements of the mitochondrial rnembrahe (Wiseman et a i ,  1976). .
Large quantities of cytochrome P-450 can be; isolated by using this résuspénsîon tech­
nique, and this will have important consequences, since it is required for pharmaceutical 
and medical applications (Wiseman, 1977). The rapid and ecohoniical production 
reported here should facilitate the application of the enzyme. ^
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Partial Repression of Cytochrome P-450 hy Adenosine 
y  : 5'-Cyclic Monophosphate in Protoplasts of Saccharomyces cerevisiae ‘
ALAN WISEMAN, T.-K. LIM and LEONARD F. J. WOODS
Department o f  Biochemistry, University o f  Surrey, Guildford, Surrey G U I 5XH , U.K.
Addition ofcyclicAMP is known to remove the catabolite repression of //-galactosidasé 
biosynthesis by glucose in Escherichia coli (Perlman & Pastan, 1968; Ullman & Monod, 
1968), by its action at the promoter of the lac operon, causing stimulation of trans­
cription (De Crombrugghe et al,, 1971). We have noted a similar effect of added cyclic 
AMP on a-glucosidase biosynthesis in yeast protoplasts (Wiseman & Lim, 1974).
In the present study, we report the first negative effect o f cyclic AMP, likely to be at 
the level of transcription, in the biosynthesis of cytochrome B-450 in yeast. We find this 
enzyme in brewer’s yeast under growth conditions of mitochondrial repression, i.e. 
at high glucose concentrations in aerated media, where the intracellular concentration , 
of cyclic AMP is low (Wiseman et a i ,  i975a; A. Wiseman & T.-K. Lim, unpublished 
work). Under these conditions the concentration of mitochondrial cytochrome oxidase 
is low (Wiseman & Woods, 1977).
Several workers have shown that there is a reciprocal relationship between the 
intracellular concentration of cyclic AMP and the concentration of glucose in the 
growth medium of yeast. For example. Van Wijk & Konijn (1971) have shown an 
increase in intracellular cyclic AMP from 0.04/im to 0.32//M during the induction of 
a-glucosidase in yeast during the transfer from 2 % glucose to 2 % maltose plus 0.1 % 
glucose medium. Schlanderer & Dellweg (1974) observed an inverse proportionality 
between glucose concentration and intracellular cyclic AMP in Schizosaccharomyces 
pomhe. Fang & Butow (1970) have shown that reversal o f mitochondrial repression 
can be produced by incubat'ng yeast protoplasts lu% glucose containing cyclic AMP,/ 
but not by lO% glucose alone. Watson & Berry (1977«,6) and Hartig & Breitenbach 
(1977) in experiments in which cyclic AMP was measured during the cell cycle of 
5. cerevisiae have found a peak in cyclic AMP concentration during induction of 
sporulation and a decrease before DNA synthesis and mitosis, indicating that cyclic 
AMP may play an important role in the control of cell division.
Previous work in this laboratory has shown that the drug-metabolizing enzyme 
cytochrome P-450 is produced in yeast when grown in medium containing high 
concentrations of glucose (Wiseman et a i ,  1976). This cytochrome P-450 may be re­
covered in the microsomal fraction after yeast disruption and has drug-metabolizing 
ability (Wiseman et a i ,  19756). Also, the enzyme is inducible by phénobarbital 
(Wiseman & Lim, 1975).
Our results indicate that the appearance of cytochrome P-450 in yeast is due to 
synthesis de novo (for review, see Wiseman, 1975), as it is prevented by cycloheximide 
( 10//g/ml) in intact yeast.
Saccharomyces cerevisiae (N.C.Y.C. 240) was grown from a slope culture as 
described previously (Wiseman et a i ,  1975a) in 0.5% glucose medium. The yeast was
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Fig. 1. Growth o f  yeast protoplasts
Yeast protoplasts were incubated in 5% glucose growth medium alone (a), or in 
medium containing lOmM-cycIic AMP (ll) or 80//g of actinomycin D/ml (a);
harvested by centrifugation after 48 h and washed once with lOOmM-citrate/phosphate 
buffer, pH 5.8. Four to six shaking flasks, each containing 100 ml o f medium, were used 
for each experiment. After washing, the yeast was resuspended to a concentration of 
lOOmg/ml in lOOmM-citrate/phosphate buffer, pH 5.8, containing 0.14M-2-mercapto- 
ethanol and 0.04m-BVTA and incubated at 30°C for 30min. The yeast was again 
harvested by centrifugation and washed three times with buffer and resuspended to a 
concentration of Ig/ml. Snail-gut enzyrhe was then added (0.4ml/g of yeast) and the 
mixture was incubated at 30°C for 45mln, The protoplasts were harvested by centri­
fugal.,on and resuspended to a volume of 1ml of 5% glucose growth medium/50 mg of 
original yeast. The protoplasts did not undergo lysis in this medium.
The mixture was incubated at 30°C for up to 24h, samples (10ml) were removed every 
2 h for the first 8 h, the protoplasts spun down by centrifugation and the wet wt. 
was recorded (Fig. 1). The protoplasts were then resuspended in 5 ml of water. This 
suspension was placed in two spectrophotometer cuvettes of 3 ml volume and the 
concentrations of the mitochondrial cytochromes and cytochrome P-450 were 
determined as described previously (Wiseman & Woods, 1977).
The incubation medium consisted of growth medium containing 5 % glucose with or 
without added lOmM-cyclic AMP, -AMP or -adenosine 2'- and 3'-phosphate (mixed 
isomers). The results show that the presence of cyclic AMP caused an approx. 65% 
decrease in the amount of cytochrome P-450 produced after 6 h of incubation (Fig. 2). 
The difference between the results for cyclic AMP and control was highly significant by 
Student’s t  test (P< 0.001), whereas the other nucleotides had no significant effect on 
cytochrome P-450 production. Cycloheximide (IO//g/ml) or actinomycin D  (80//g/ml) 
added at zero time resulted in a nil yield of cytochrome P-450. The action of actinomycin 
D is presumably to prevent transcription, demonstrating a requirement for transcription 
of mRNA for cytochrome P-450 in this system. Cyclic AMP is also likely to decrease the 
rate of transcription, resulting in a lower peak concentration of the enzyme at a later 
time (8h instead of 6 h). !
1978
(207)
573rd MEETING, HULL 399
4.0
3.0
Incubation time (h)
Fig. 2. Production o f  cytochrome F-450 hy yeast protoplasts
Yeast protoplasts were incubated in 5 % glucose growth medium alone (®), or medium 
containing JOmM-cyclic AMP (r«), lOmivi-AMP (□), ÎOniM-adenosine 2'- and 3'- 
phosphate (o), actinomycin D  (80/fg/ml) or cycloheximide (tO//g/ml) ( a ) .  Bars indicateS.D.
Cyclic GMP has been reported to inhibit the biosynthesis o f ^-galactosidase. and 
tryptophanase in E. coli growing in minimal medium on glucose or glycerol. Its action 
was considered to be on transcription by binding to the promoter o f the cyclic AMP- 
binding protein, in competition with cyclic AMP (Ariman & Werthamer, 1974). 
Experiments in the present study in which protoplasts were incubated in medium 
containing 0.5 % glucose and lOmM-cyclic GMP have not, however, consistently shown 
an antagonistic relationship between cyclic AMP and cyclic GMP, since under these 
conditions production of cytochrome jp-450 could not be reproducibly stimulated.
In conclusion, we suggest that the production of cytochrome P-450 in yeast is 
controlled by the intracellular concentration of cyclic AMP and this in turn is dependent 
on the glucose concentration outside the cell. There is some evidence that glucose inhibits 
yeast adenylate cyclase in vitro (Lim, 1976; Sy & Richter, 1972).
Other negative-type effects of cyclic AMP have been reported. The production of sex 
pili is inhibited in E. coli K-12 carrying de-repressed sex factors (Harwood & Meynell, 
1973). These authors commented that this need not be a direct effect on transcription 
of the genes involved in pilus production, but could be an indirect effect o f cyclic 
AMP on the bacterial cell envelope. Also, under some conditions, cyclic AMP sup­
presses the induction of antibody synthesis in male spleen-cell cultures (Boslng- 
Schneider, 1975). A report by Klaipongpan et al. (1975) has concluded that cyclic 
AMP promotes a co-ordinated inhibition of hepaticanabolicpathways, includingprotein 
synthesis, under conditions of enhanced gliiconeogenesis. Studies on the cell-free 
system suggest a membrane-associated effect in translation. Effects on translation in our 
system cannot be ruled out, therefore, in view of the general doubt as to whether 
translational effects have been demonstrated for cyclic AMP in microbial (for review, 
see Wiseman, 1975) and animal systems.
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Nevertheless, we note the possibility that some promoters may have the reverse 
requirements for transcription start or stop operations, compared with the classical 
lac operon of E. coli.
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Possible Removal of Ben7.o(a)pyrenfe from some Foods 
Using Cytochrome P-450 from Brewer's Yeust
L. Woods and A. Wiseman
Department o f Biochemistry, University o f Surrey, Guildford CU2 5XH
Benzo(a)pyrene (BP) is a carcinogen whose metabolism has been extensively studied in relation to ] 
mammalian organ's, in particular the liver and lung. The major metabolite, 3-hydroxybenzo(a)- 
pyrene, Wcis identified more than three decades ago,^~^ and the assay for the enzymatic formation 
of this highly fluorescent metabolite has been widely used in measuring microsomal mixed- 
function oxidases activity,')-^ and is generally known as aryl hydrocarbon hydroxylase (AHH) 
assay. Many other metabolites are produced, some of which are extremely reactive and constitute 
the. ultimate carcinogenic molecular species.
The haemoprotein, cytochrome P-450, was first discovered in the microsomal fraction, isolated 
by ultracentrifugation of disrupted liver preparations, in 1958 by Klingenberg® and by Garflnkel/ 
and was subsequently shown to be involved in hydroxylation and dealkylation reactions, b s. > 
The presence of a cytochrome P-450-like co-bindtng pigment in cells o f  brewer’s yeast {SaccharO" 
myc.es cerevisiae) was first reported by Lindenmeyer and Smith^® and later by Tshidate el a lM  
A method modified from that of Dehnen et al.^- was used to measure the conversion of benzo- 
(a) pyre ne to 3-hydroxybenzo(a)pyrene by a 5000 supernatant fraction produced from disrupted 
brewer’s yeast, triethylamine being used to quench the benzo(a)pyrene fluorescence. Our experi­
ments have shown that the Km for BP with phenobarbitone-pretreated yeast and untreated yeast, ■
cytochrome .P-450 is 500 pM, which is larger than for the liver enzyme,which has been variously |
reported as 0.6 /tNr,® 1 and 23  ^Fretreatmenl of yeast with BP (5 /qj ml"  ^growth medium) \
• results in a decrease in the Km to 160 /tt.M presumably due to the induction of the BP-metabolising ■
form of the enzyme, cytochrome P-448. A Km of this level would be quite suitable for an enzymic ;
process for removal of fairly low concentrations of BP from foodstuffs. j
The formation of benzo(a)pyrene metabolites by microsomal enzymes from yeast or liver is ) 
dependent on the presence of NA.DPH and molecular oxygen^ ® but we have been able to make 
the process more amenable to large scale application with foods by replacing the expensive NA DPH- 
regenerating system normally used in the AHH assay system by cumene hydroperoxide, an organic i 
hydroperoxide which has been previously used in steroid hydroxylations^^ and drug metabolism i 
studies’-® in mammalian systems. 1
The production of cytochrome P-450/P-448 in brewer's yeast has been studied^"— and. it is • 
now possible to solubilise and immobilise the cytochrome P-450 system with retention of drug- 
■ metabolising ability. \Vc suggest that production of yeast on a large scale, perhaps by continuous 
fermentation, followed by disruption and stabilisation (perhaps by immobilisation) of the cyto-. 
chrome P-450 would permit its use in the removal of benzo(a)pyrene (and its highly reactive 
metabolites) from foodstuffs, such as smoked and toasted foods anti som e drinks.
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REGULATION OF THE BIOSYNTHESIS OF CYTOCHROME P-450 IN 
BREWER’S YEAST
ROLE OF CYCLIC AMP *
ALAN WISEMAN, T.-K. LIM and LEONARD F.J. WOODS
D epartm ent o f  Biochemistry, University o f  Surrey, Guildford, Surrey (U.K.)
(Received June 1st, 1978)
Summary
The drug metabolising enzyme cytochrome P-450 has been studied in great 
detail in mammalian systems and its presence in microorganisms is also well 
established. However, neither its function nor its means of control in brewer’s 
yeast, Saccharomyces cerevisiae, has been investigated. We demonstrate here 
using yeast protoplasts that it is the intracellular concentration of cyclic AMP 
which controls, by repression, the de novo synthesis of the enzyme, and also 
that cyclic-AMP concentrations are in turn inversely related to the concentra» 
tion of glucose in the yeast growth medium.
Introduction
The haemoprotein, cytochrome P-450 (EC 1.14.14.1.), was discovered in the 
liver microsomal fraction [1,2]. Subsequent investigation into carbon monox­
ide inhibition of microsomal oxidative reactions has shown that this CO- 
binding protein is involved in a large number of hydroxylation and dealkylation 
reactions [3—5]. In liver microsomes, the enzyme can catalyse reactions with 
drugs, steroids, fatty acids, hydrocarbons, inseticides, benzo(a)pyrene and. 
other carcinogens [6—8].
The presence of a cytochrome P-450-like CO-binding pigment in cells of 
Saccharomyces cerevisiae was first reported by Lindenmeyer and Smith [9] 
and later by Ishidate et al. [10,11]. Cytochrome P-450 has also been found in 
many other micro-organisms and is, for example, inducible in Pseïidomonas 
putida  by D-(+)-camphbr where it catalyses the hydroxylation of this com­
pound to form the exo-5-alcohol [12]. The enzyme functions in Coryne-
*  P re lim in a ry  notes have been  published on parts o f  th is w ork [4 8 ,4 9 ).
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bacterium  sp. to oxidise n-octane [13,14] and has been found also in Claviceps 
purpurea [15], Cunninghamella bainieri [16] and in Nocardia sp. [17]. A cyto­
chrome P-450-dependent fatty acid cj-hydroxylase has been found in Bacillus 
megaterium  [18] and it is involved also in the hydroxylation of geraniol and 
nerol by   rosea [19].
Cytochrome P-450 has been found in yeasts other than S. cerevisiae, it is 
responsible, for example, for the ability of Torulopsis sp. to hydroxylate fatty 
acids [20,21] and may be induced in Candida tropicalis b y  growth on tetra» 
decane [22,23] where it catalyses the w-hydroxylation of fatty, acids (espe;- 
cially lauric acid) and also the conversion of n-alkanes to primary alcohols. The 
complete Candida system consists of cytochrome P-450, NADPH-cytochrome 
P-450 reductase and a heat-labile fraction [24] as does the mammalian system
[25]. These latter components from yeast can be replaced by the correspond­
ing fractions from rat liver, which also catalyses fatty acid co-hydroxylation
[26].
Experimental
Growth o f  yeast. Saccharomyces cerevisiae (N.C.Y.C. No. 240) was main­
tained on slopes of Sabouraud-Dextrose agar and transferred using a platinum 
wire to growth medium containing sodium chloride (5 g/1), yeast extract 
(10 g/1) and bacteriological or mycological peptone (20 g/1) autoclaved at 
15 lb/inch^ for 15 min. In addition, the medium contained glucose at concen­
trations ranging from 1 to 200 g/1 autoclaved separately to prevent the forma­
tion of interfering breakdown pigments. The yeast was grown in 100 ml medi­
um contained, in 250-ml conical flasks shaken in a Mickle shaking water bath 
(Mickle Laboratory Engineering Co., Gomshall, Surrey) at SO^ 'C, shaking at 50 
rev./min with stroke 5 cm for various times, and was harvested either by centri­
fugation in a M.S.E. bench centrifuge (Measuring and Scientific Equipment 
Ltd., London) or by filtering in a Büchner funnel using Whatman No. 1 filter 
paper.
Preparation o f  protoplasts. Protoplasts were prepared by a modified method 
of Eddy and Williamson [27]. Yeast was grown in 0.5% ^ucose growth 
medium for 48 h, harvt sted by centrifugation and washed once in .100 mM- 
citrate/phosphate buffer, pH 5.8. The yeast was then resuspended to 100 mg/ 
ml in 100 mM-citrate/phosphate buffer, pH 5.8, containing 0.14 M 2-mercapto- 
ethanol and 0.04 M-EDTA and incubated at 30" C for 30 min. After centrifuga­
tion in a Piccolo centrifuge (Hereaeus Christ, GmbH), the yeast was washed 
three times in buffer without additives and resuspended to 1 g/ml. Snail gut 
enzyme (0.4 ml/g yeast) was then added and the mixture incubated at 30"G for 
45 min. The protoplast were harvested by centrifugation and resuspended in 
1 ml of medium/50 mg original yeast.
Measurement o f  cyclic AMP. The method used for the measurement of 
cyclic AMP depends on the competition between unlabelled cyclic AMP and a 
fixed quantity of tritium-labelled compound for binding to a protein which has 
a high specificity and affinity for cyclic AMP.
Blanks contained 150 pi 100 mM-Tris/EDTA buffer, pH 7.4, and 50 pi of a 
solution of [8-^H]adenosine 3',6'-phosphate. The standard curve and unknowns
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contained 50 fû buffer, 50 /d cyclic [8-^H]AMP, 100 /d binding protein bound 
to charcoal in suspension and 50 fil standard cyclic AMP in the range 0—16 
pmol or 50 fA unknown. Solutions were incubated and centrifuged to remove 
the charcoal and 2 0 0 /d supernatant were withdrawn and placed in 10 ml of 
scintillant in vials for counting. The scintillant contained 9 g PPO and 4.5 g 
POPOP in 1.51 toluene plus 750 ml Triton X-100. ials were counted for 
10 min in a Packard Tri-Carb Liquid Scintillation Spectrometer. The concentra­
tion of unknown cyclic AMP was calculated from a straight line standard curve 
of ColCx against pmol cyclic AMP, where Cq is the zero cprn and is the cpm 
of the standards (or unknown) corrected for the blank.
To measure the concentration of cyclic AMP in yeast, cells (200 mg wet 
weight) were suspended in 2 ml 100 g/1 trichloroacetic acid and incubated at 
room temperature for 5 min. The yeast was then separated in a bench centrifuge 
and re-extracted with 1 ml trichloroacetic acid solution and centrifuged again. 
To the combined supernatants, one tenth of their volume o f 1 M hydrochloric 
acid and 2 volumes diethylether were added. The mixture was shaken in the 
cold for 10 min and the ether phase discarded. The aqueous phase was re- 
extracted five times with ether and then evaporated to dryness at 55^C under a 
stream of nitrogen. The dried samples were dissolved in 10 ml 100 mM Tris/ 
EDTA buffer, pH 7.4, and 50 jA were used in the assay.
Measurement o f  cytochrom e P~450 and m itochondrial cytochrom es. Cyto- 
chrome P-450 in whole yeast and in protoplasts was determined by a method 
modified from that of Omura and Sato [28]. Yeast suspension (0.1 g wet w t/ 
ml) was placed in each, of two spectrophotometer cuvettes of 1-cm light path 
and reduced by the addition of a few grains of sodium dithionite. The baseline 
between 410 and 490 nm was then recorded using a Pye Unicam SPISOO 
spectrophotometer. Carbon monoxide was then bubbled through the test 
cuvette and the scan repeated. The peak height at 450 nm above the baseline 
was then used to calculate the concentration of cytochrome P-450, assuming an 
extinction coefficient of 91 cm"  ^ • mM"L
The mitochondrial cytochromes were determined by a method modified 
from that of Williams [29]. Yeasc suspended as before is reduced only in the 
sample cuvette, the reference cell being oxidised by addition of 50 jA 20-vol. 
hydrogen peroxide. In this way it is possible to measure the mitochondrial 
cytochromes prior to cytochrome P-450 in the same sample, the hydrogen 
peroxide being subsequently reduced with dithionite. The difference spectrum 
between 500 and 640 nm is then recorded and the concentrations of the mito­
chondrial cytochromes (a i- 03, b, Cj and c) derived from the difference in 
absorption at four wavelength pairs which are used to solve four simultaneous 
equations in four unknowns, this process being speeded up considerably by the 
use of a computer programme (for spectra see Fig. 1).
Materials. S. cerevisiae (No. 240) was obtained from the National Collection 
of Yeast Cultures, Nutfield, Surrey. Mycological peptone, powdered, yeast 
extract and Sabouraud-dextrose agar were obtained from Oxoid Co. Ltd., 
Basingstoke, Hants, and bacteriological peptone from Difco.
Adenosine 3',5'-phosphate, adenosine-5'-phosphate, adenosine-2'-(3')-mono- 
phosphate (mixed isomers), actinomycin D and chloramphenicol were obtained 
from the Sigma Chemical Corp. (London) Ltd., 2-mercaptoethanol, 2,5-
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Fig. 1 . Typical spectra o f  (a) cytochrom e P-450-CO-binding < - - -  reduced-reduced sp ec tru m ,—
CO-reduced spectrum ) and (b> oxidised-reduced spectrum of the m itochondrial cytochrom es in yeast.
diphenyloxazole (PPO) and l,4-bis(5-phenyloxazoîyl-2)-benzene (PÔPGP) were 
obtained from Koch-Light, Colnbrook, Bucks. The cyclic AMP assay kit was 
obtained from the Radiochemical Centre, Amersham. D -Glucose and all other 
chemicals were supplied by BDH Chemicals Ltd., Poole, Dorset.
Results and Discussion
The effect o f  glucose on cytochrom e P-450 and the mitochondrial cytochrom es
Fig. 2 shows the relationship of cytochrome f -450 accumulation to the 
growth phase of the yeast in media of different glucose concentrations.‘Low 
glucose behaviour’, with early accumulation of the enzyme, is seen in 1% and 
2.5% glucose media. No enzyme is producëd in 0.1% glucose medium arid.‘high 
glucose behaviour’, with late accumulation of cytochrome P-450, is seen in 5% 
glucose and above, with intermediate behaviour at 3% and 4% glucose.
The biosynthesis of cytochrome P-450 may be promoted, in yeast by firstly 
growing in 0.5% glucose medium and transferring to 20% glucose medium. 
Yeast was grown as described above in 0.5% glucose medium arid harvested by 
centrifugation after 48 h and washed once in 100 mM-citrate/phosphate buffer, 
pH 5.8. The yeast was divided into 500-mg portions and each portion resus­
pended in 15 ml 20% glucose medium in a 25-ml conical flask arid shaken, at 
30**C as before. At various time intervals up to 24 h the yeast suspension was 
centrifuged and the pressed (wet) weight of yeast determined. The yeast was 
then resuspended in 5 ml distilled water and half was put into each of t\vo 3-ml 
spectrophotometer cuvettes. The amounts of cytochrome P-450 arid the mito­
chondrial cytochromes were determined as described above. Thus, Fig. 3 shows
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Fig. 2 . The effect o f  glucose concentration on the production o f  cytochrom e iP-450 b y  yeast. Y east was 
grown in m edium  containing betw een  0.1% and 20% glucose ancl the concentration  o f  cytochrom e P -450  
determ ined as described under Experim ental 0 .1 %  glucose (o>, l%  glucose ( a ) ,  2.5% glu cose (4),; 3% and 
4% glucose (A), 5% glucose (o ) and 7 .5 , 10, 15  and 20% glucose ( • ) .
the rapid production of cytochrome P-450 which occurs in about 10 h, at the 
same time as the yeast undergoes 4-fold growth, with no apparent lag phase. 
There is no synthesis of cytochrome oxidase and therefore this concentration 
per g of yeast decreases in line with the dilution of the enzyniewith ^bwth o f  
the yeast (Fig. 4), Of the other cytochromes, b and c increase somewhat in 
concentration, after the initial reduction, presumably;as a result of tlieir syn­
thesis after an initial lag phase, which occurs regardless of growth.
Studies of the energy requirements of this process show that energy ^ produc­
tion by mitochondria is not required. Thus incubation in 20% glucose medium 
containing 1 mM K.CN, which will inhibit cytochrome oxidase by 98% [30] 
had no effect on the growth of the yeast, production of cytochrome P-450 or 
the changes in cytochromes shown in Fig. 4. However, incubation of yeast in 
the presence of 50 mM iodoacetate which inhibits glycolysis , at hexokinase 
(51]i i^yceraldehyoe-3-phosphate dehydrogenase [32] aild alcphoi dehydro-
■ i
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Pig. 3 . Production o f cytochrom e P-450 and growth o f  yeast after transfer to  20% g lu cose . T he produc­
tion  o f  cytochrom e P -450  (!) and. growth o f  yeàst (ii> were determ ined as described under Experim ental 
after transfer from  0.5% to 20% glucose m edium . Each point is the  m ean o f  betw een  five and seven deter­
m inations ±S.D.
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Fig. 4 . Changes in m itoclionchial cytochrom es in yeast after transfer to  20Sb g lucose . The concentrations 
o f  th e  m itochondrial cytochrom es (nm ol/g w et w t. yeast) were determined as described under Experi­
m ental: cytochrom e oxidase (i>, cytochrom es b (ii), c j  (iii) and c  (iv). Each p o in t is  the mean o f  betw een  
five and seven determ inations ±S.IX.
genase [33] completely stopped any growth of the yeast or increase in cyto^ 
chrome P-450. These results indicate that the energy production under these 
conditions is solely by glycolysis.
The effect  o f  glucose on cyclic AMP concentration
The intracellular concentrations of cyclic AMP in whole yeast were measured 
as described under Experimental and were found, to be lower in yeast grown in 
high glucose medium (Table I) thus indicating an inverse relationship between 
glucose and cyclic AMP concentration?.
These findings Eire in agreement with the results of other workers who found 
an increase in intracellular cyclic AMP from 0.04 gM  to 0.32 jjlM  during the 
induction of u-glucosidase in yeast during trEinsfer from 2% glucose to 2% 
maltose plus 0.1% glucose medium [34]. An inverse proportionality has been 
observed between glucose concentrations and intracellular cyclic AMP in
TABLE I
CHANGES IN THE CONCENTRATION OF CYCLIC AMP DURING THE GROWTH OF YEA ST IN  
MEDIA OF D IFFER EN T GLUCOSE CONCENTRATIONS
V alues are for cyclic AMP and are quoted  in.pm ol/m g w et w t. yeast.
G lucose in Tim e o f  culture (h)
m edium
(%) 17 3 0 40
0 .1 1 0 .0 1 1 .0 1 3 .0
2 0 5 .5 5.0 5 .0
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Schizosaccharomyces pornbe [35]. In experiments in which cyclic AMP was 
measured during the cell cycle of S. cerevisiae^ a peak in cyclic AMP concentra­
tion has been observed during the induction of sporulation and a decrease prior 
to DNA synthesis and mitosis, indicating that cyclic AMP may have an impor­
tant role in the,control of cell division [36,37]. It has been shown [38] that 
glucose inhibits adenyl cyclase and this might indicate a possible mechanism 
whereby glucose can control the intracellular concentration of cyclic AMP.
The effect  o f  glucose and cyclic AMP on cytochrom e P-450 production by  
yeast protoplasts . - ;
Addition of cyclic AMP is known to remove the catabolite repression of P- 
galactosidase biosynthesis by glucose in Escherichia coli [39,40] by its action 
at the promoter of the lac operon causing stimulation o f transcription [41]. 
Fang and Butow [42] have shown that reversal of mitochondrial repression 
• can be produced by incubating yeast protoplasts in 10% glucose containing 
cyclic AMP, but not by 10% glucose alone, and we have noted that cyclic AMP 
removes catabolite repression of n-glucosidase biosynthesis by glucose in yeast 
protoplasts [43].
If protoplasts made from yeast previously grown in 0.5% glucose medium are 
transferred to a medium containing a higher concentration of glucose (5%) they 
produce cytochrome P-450 in a similar manner to whole yeast when transferred- 
to 20% glucose medium as described above (see Fig. 5). The production of the 
enzyme by protoplasts is 60% repressed (at 6 h) by the presence of cyclic AMP 
(10 mM) in the medium although the same concentration of adenosine-5'- 
monophosphate or adenosine-2'-(3')-monophosphate (mixed isomers) did not 
produce any significant effect on cytochrome P-450 production. The difference 
between the results for cyclic AMP and controls was highly significant accord­
ing to the Student’s t-test (P <  0.0^1). Cycloheximide (10 mg/1) or actino-
3.0
D)
U 0.0 24
Incubation time (h)
Fig. 5, Production o f  cytociurome P-450 by yeast protoplasts. Protoplasts w ere prepared as described in  
the Experim ental section  and Incubated at 30“ C in 5% glucose m edium  ( • )  containing cyclic  AMP (1 0  
mM) (» ), 5 -AMP (1 0  mM) (o),. 2 -(3 )-AMP (1 0  mM (o ) and actinm ycin D  (8 0  ixg/ml) or cyclohexim ide  
(1 0  pg/m l) (* ). T he results presented are m eans o f  up to  six  experim ents, bars indicate 5 .D .
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raycin D (80 mg/1) added at zero time, prevented the appearance of cyto­
chrome P-450. The action of actinomycin D is presumably to prevent transcrip­
tion o f genes for cytochrome P-450, although we cannot rule out an indirect 
effect th ron g  haem synthesis if that were to be limiting.
It would appear, therefore, that the production o f cytochrome P-450 in 
yeast is controlled by the intracellular concentration of cyclic AMP and this in 
turn is dependent on the glucose concentiation outside the cell. This effect is 
to our knowledge the first reported negative effect of cyclic AMP on the tran­
scription of mRNA prior to the synthesis of protein, nevertheless, we note the 
possibility that some promoters may have the reverse requirements for tran­
scription stiirt or stop operations, compared with the classical lac operon of E. 
coli.
Other negative-type effects have been reported, for example, the production 
of sex pili is inhibited in E. coU K-12 carrying de-repressed sex factors [44]. 
This need not be a direct effect on transcription of the genes involved in pilus 
production, but could be an indirect effect of cyclic AMP on the bacterial cell 
envelope.
Cyclic GMP has been reported to inhibit the biosynthesis of /3-galactosidase 
and tryptophanase in E. coli growing in minimal medium on glucose or glycerol. 
Its action was considered to be on transcription by binding to the promoter of 
the cyclic AMP-binding protein, in competition with cyclic AMP [45]. Experi­
ments in the present study in which protoplasts were incubated in a medium 
con taining 0.5% glucose and 10 mM cyclic GMP have not however consistently 
shown an antagonistic relationship between cylic AMP and cyclic GMP, since 
under these conditions production of cytochrome P-450 could not be repro- 
ducibly stimulated.
As far as the function of cytochrome P-450 in yeast is concerned, it has been 
postulated that the enzyme may be involved in the déméthylation of lanosterbl. 
to form zymosterol, as this conversion is inhibited by carbon monoxide by 57% 
in a preparation of disrupted yeast cells [46]. It has been reported also that 
most of the cytochrome P-450 in intact yeast is in a high-spin state and there­
fore thought to be substrate-bound. Furthermore, it was also observed that the 
low-spin type absorption spectrum of a purified preparation could be partially 
converted to a high-spin type by the addition of lanosterol [47]. Zymosterol , 
is an intermediate in the formation of ergosterol, a membrane component in 
yeast which has a similar function to cholesterol in animals.
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Metabolism of Benzo[«]pyrene by the Cytochrome P"450/P-448 of 
Saccharomyces cerevisiae
LEONARD F. J. WOODS and ALAN WISEMAN .
Department o f  Biochemistry, University o f Surrey, Guildford, Surrey GV2 ^XHyU.K,
The major pathways for the raetabolisrn of benzo[a]pyrene,and other polycycîic hydro­
carbons in mamrriallan tissue [for review, see De Pierre & Ernster (1978)] involve thé aryl 
hydrocarbon hydroxylase system, epoxide hydrase and glûtathionè .S-epoxide 
transferase (Conney, 1967; Oésch, 1973). Thé major metabolite,of the aryl hydrôcàrboii 
hydroxylase system, which involves at least two protein components, cytochrome 
PA50I.F44B and a flayoprbtein, NADPH-cytbcHrome, P-430  rAductasr, is 3-hydroxy- 
benzo[a]pyrene, which was identified more than three decades ago (Chambers & 
Crowfoot, 1941; Berenblum et al., 1943; Berenblum & Schoental, 1955), an<l the 
fluorimetric assay for the enzymic formation of this highly fluorescent metabolite has 
been widely used. i !
The haemoprotein cytochrome P-450 (EC 1.14.14.1) was first discovered, in thé 
microsomal fraction, isolated by ultracentrifugation of disrupted liver preparation by 
Klingenberg (1958) and by Garfinkel (1958), and was subsequently shown to be involved 
in a large number of hydroxylation and dealkylation réactions (Conney et ah, 1957; 
Orrenius et nA,. 1964; Copper et al., 1965). The presence of a cytbchrome P-450-liké 
CO-bihdIng pigment in celts of brewer’s yeast was first reported by Lindenmeyer & 
Smith (1964) and later by Ishidate (1969). For a review of microbial cytochromes 
P-450 including those of yeasts, see Wiseman (1977).
We have been aware for some time of the presence o f  a cytochrome P-450/P448 
aryl hydrocarbon hydroxylase system \ri Saccharomyces ceréafone grown under,condi­
tions of mitochondrial repression, i.e. at high glucose cpricentrations. (A. Wiseman Sc 
J. Gondal, unpublished work) and report here some studies of this system.
Saccharomyces cereaisiae f&vewdds ytOLSX, N.C.Y.C. no. 240) was grown in medium 
containing 20% (w/v) glucose tb'effect the synthesis o f cytbchrome P^50/P-448 
(Wiseman et al., 1975) and harvested by centrifugation after 48h. Thé yeast was then
1979
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Fig. 1. Lineweaver-Bitrk plot o f  the NADFH-catalysed henzo[a]pyrene hydroxylation 
by yeast 5000g" supernatant prepared from  control ( a ) ,  phénobarbital'- {TA) or be/izoia]-
pyrene-pretreated yeast (®)
disrupted in a water-cooled Vibromill disrupter by shaking with approx. 3 vol. o f glass 
beads (1.0-1.05mm diarheter). The glass beads were then washed with 0.1 M-Tns/HCL  
buffer, pH7.0, and the washings centrifuged at 5000g for lO ipin. The supernatant .was 
used for the measurement of aryl hydrocarbon hydroxylase activity by a method 
modified from that of Déhnen er a/. (1973).
Each incubation contained 0.5ml of 5000^ supernatant, 0.5 ml of O.lM-Tris/HCI 
buffer, pH 7.0, and a NADPH-regenerating system, giving final concentrations of 
4raM-NADP,20mM"D-glucose-6rphosphate, ô/iM-MnGljand 8 unitsD-glucqse-6-phos- 
phate dehydrogenase. The réaction was started by the addition of benzô[n]pyfëne 
from a stock solution of 2mg/m| in acetone to give a final concentration in the range 
0-316/fMand incubated at 37°G/or 1 h. The reaction was stopped by the addition of 1 ml 
of ice-cold acetone and thé precipitated protein removed by centrifugation. A 0.6ml 
sample of this acetone solution was then added to 1.4ml ,of 10.7% (w/v) triethylathinb, 
solution in a fiuorimeter cuvette and scanned from 500 to 560nm (emission) 
(excitation at 467 nm) in a Perkin-Èlmer MPF3 fluorescence spectrophotometer to find 
the peak height at 520 nm. Fluorescence was calculated relative to lO i^g quinine sulphate/ 
ml in 2 M-H2SO4, which was in turn calibrated against a standard 3-hydroxybenzo[o3- pyrene solution.
Results from these experiments have shown that the yeast enzyme has a pH optimum 
lower than that of the liver enzyme, these being 7.0 and 7.4 respectively. Lînewéayer- 
Burk plots (Fig. 1) show that thé Michaelis constant (ilT,,,) for benzo[d]pyrene, as deter­
mined by the method of least squares, for untreated yeast is larger than that for. the 
liver enzyme,.being 0.52mM as compared with 0.6/<m (Nebert & Gelboih/ Î968), 23/At 
(Rickert & Fouts, 1970) and 1 pM (Robie et al.  ^1976). Growth of yeast in the presence of 
benzo[o]pyrene (5pg/ml of medium) induces a form of the erizyme having a higher 
affinity for benzofo]pyrene and the Km is decreased to O.lômM. Pretreatrnent of y^st 
with phénobarbital has no effect on the Jifn, for benzo[a]pyrene (d.SOmM).
It has been possible to replace the NADPH-regenerating systenh normally used in the 
aryl hydrocarbon hydroxylase assay by cumene hydroperoxide, an oxygen and electron 
donor, which has been previously used in steroid hydroxylations (Hrycay er n/.i 1975). 
Lineweaver-Burk plots obtained with this cofactor at a concentration of 2.4mM showed
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Fig. 2. Binding spectrum o f benzo[a]pyrene with yeast microsomal fraction  
The experiment was performed at ambient temperature and benzo[a]pyrene was added 
stepwise to give concentrations of 0.0, 2.6, 5.2, 7.8, 10.4, 15.6 and 20.8/rM.
that the Km for benzo[n]pyrene decreased from 2.7mw to 0.36nw when yeast was pre­
treated with benzolajpyrene. Pretreatment with phénobarbital again had ro eftect 
{Km — 2.8 mM).
Solubilization of the cytochrome P-450/P-448 with sodium cholate resulted in a 
preparation that could metabolize benzo[a)pyrene when cumene hydroperoxide was the 
cofactor {Km =  95//M), but not with NADPH-regenerating system. This is presumably 
due to the disruption of the electron-transport system necessary for NADPH utilization, 
which is by-passed by cumene hydroperoxide. Addition of phosphatidylcholine did not 
enable us to restore the ability to use NADPH, and there was no stimulation of  
benzo[<r/]pyrene hydroxylation in contrast with the stimulation of NalO.,-supported 
cytochrome P-450-catalysed steroid hydroxylation observed by Berg et ai. (1976) in 
Bacillus megaterium.
Incubation (as above) of the yeast enzyme with [G-^H]benzo[a]pyrene and separation 
of the metabolites by high-pressure liquid chromatography has shown that besides 
3-hydroxybenzo[n]pyrene, 9-hydroxy- and especially the 7,8-dihydrodiol benzo[oj- 
pyrene are formed (the latter is characteristic of P-448 activity). Schenkman et al. 
(1969) and Fowls et al. (1976) have reported that only the cytochrome P-450 induced by 
benzo[tf]pyrene or 3-methylcholanthrene (usually called cytochrome P-448) is able to 
form a type-I spectral complex with benzo[o]pyrene. The yeast enzyme is able to produce 
type-I spectral changes with benzo[o]pyrene without any pretreatrnent, although the 
spectrum produced varies somewhat from the normal type-I spectrum in having an 
additiorial peak at 360nm (Fig. 2). Experiments with untreated rat liver microsomal
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fraction (cytochrome P-450/P-448) produced the same spectrum, including the extra 
peak at 360 nm. Double cells were used to eliminate the interference due to the colour 
of benzo[cr]pyrene. The binding constant for yeast microsomal fraction was 36/iM±6 
(for liver microsomal fraction we found it to be 9/iWi). The binding constant for the 
solubilized yeast cytochrome P-450/P-448 was 53;^ m±  10. This value is similar to the TÇn, 
value found (95//m) with cumene hydroperoxide and solubilized enzyme (see above).
We gratefully acknowledge the help of Dr. G. M. Cohen, especially in the use of labelled benzo[a]pyrene and the high-pressure liquid chromatography of its metabolites.
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Benzo(a)pyrene Metabolites Formed by the 
Action of Yeast Cytochrome P-450/P-448
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Benzo(a)pyrene metabolites have been identified by high-pressure liquid chromato­
graphy after production by a cytochrome P-450 in brewer’s yeast disruptates. The 
major metabolites are 7,8-dihydro-7,8-dihydroxy-benzoCa)pyrene, 9-hydroxybenzo(a)- 
pyrene and 3-hydroxybenzo(a)pyrene. Pretreatment of the yeast with benzo(a)- 
pyrene, during its growth decreases the Michaelis constant (/C„,) of the enzyme for 
benzo(a)pyrene, using either NADPH or cumene hydroperoxide as a cofactor.
Ï. Introduction
The ability of brewer’s yeast, Saccharomyces cerevisiae (N.C.Y.C. No. 240) to produce a drug- 
metabolising enzyme similar to that of the cytochrome P-450/P-448 of mammalian liver when I
grov/n under conditions of mitochondrial repression i.e. at high glucose concentrations has been 1
reported previously.^-^ This system is capable of demonstrating aryl hydrocarbon hydroxylase |
activity (A. Wiseman and J. Gondal, unpublished work) towards the carcinogen benzo(a)pyrene. j
The yeast is grown at a high glucose concentration in order to repress the formation of mitochon- I
drial cytochrome oxidase and under these conditions the cytochrome P-450 is synthesised and j
subsequently isolated in the microsomal fraction (105 000 g centrifugal sediment) after cell dis- ;
ruption. This enzyme (ferrous form) can be readily detected through its absorption at 450 nrn In the [
presence of carbon monoxide, both in whole cells and extracts, by difference spectrophotometry. |
We now report the finding that benzo(a)pyrene is a good substrate for this yeast enzyme system, 
in the presence of oxygen and NADPH, or alternatively in the presence of an oxygen and electron 
donor, such as cumene hydroperoxide. This enzyme, in free or immobilised form, could be useful 
therefore in the large scale removal of carcinogens such as benzo(a)pyrene from water, effluents 
and some foodstuffs or food additives (the highly reactive metabolites produced would.be detoxicated 
in situ by combination with other components or additives).
The major metabolite of the aryl hydrocarbon hydroxylase system, which involves at least two 
protein components, cytochrome P-450/P-448 and a ffavoprotein, NADPH-cytochrome P-450 
reductase, is 3-hydroxybenzo(a)pyrene. This was identified more than three decades ago^ ~® and 
the ffuorometric assay for the formation of this highly fluorescent compound is widely used.
The identification of the benzo(a)pyrene metabolites produced by the yeast enzyme by means of 
high-pressure liquid chromatography is described and comparison of the kinetics of benzo(a)- 
pyrene metabolism by the enzyme from yeast pretreated with sodium phenobarbitone and benzo(a)- 
pyrene, using either NADPH or cumene hydroperoxide as a cofactor.
2. Materials and methods
2.1. Preparation of yeast cytochrome P-450/P-448
The yeast was grown in 20% glucose medium containing 0.5% sodium chloride, 1% yeast 
extract and 2% bacteriological peptone (control) plus either 0.15% sodium phenobarbitone
0142-0356/79/0500-0320 502.00 © 1979 Society of Chemical Industry
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or 5 pg cm“® benzo(a)pyrene for 48 h at 303 K and harvested by centrifugation. The yeast was then 
disrupted in a water-cooled 	
 disrupter by shaking for 6 min with approximately 3 volumes 
of glass beads (1.00-1.05 mm in diarheter). The glass beads were washed with O.lM-Tris/HCI buffer, 
pH 7.0 and the washings centrifuged at 5000 g  for 10 min.
2.2. Measurement of aryl hydrocarbon hydroxylase activity
Aryl hydrocarbon hydroxylase activity was measured by a method modified from that of Dehnen 
et a!J Each incubation contained 0.5 cm  ^of 5000 » supernatant, 0.5 cm® o f  O.lM-Tris/HCI buffer, 
pH 7:0 and an NADPH-regenerating system giving final concentrations of 4  itim-NADP, 20 mM-D- 
glucose-6-phosphate and 8 units-D-glucose-6-phosphate dehydrogenase or 2.4 mw-cumene 
hydroperoxide. The reaction was started by the addition of benzo(a)pyrene from a stock solution 
of 2 mg cm ® in acetone to give a final concentration in the range 0-316 p u  and incubated at 
310 K for 1 h. The reaction was stopped by the addition of 1 cm® of ice-cold acetone and the precipi­
tated protein removed by centrifugation. A 0.6 cm® sample of this acetone solution was then added 
to 1.4 cm® of 10.7% (w/v) triethylamine solution in a fluorirneler cuvette and scanned from 500 to 
560 nm emission (467 nm excitation) in a Perkin Elmer MPF3 fluorescence spectrophotometer to 
find the peak height at 520 nm. Fluorescence was calculated relative to 10 pg quinine sulphate 
cm-® in IM-H2SO4, which was in turn calibrated against a standard 3-hydroxybenzo(a)pyrene 
solution.
2.3. High-pressure liquid chromatography of benzo(a)pyrene metabolites
Each Incubation contained 2 cm® of 5000^ supernatant, a NADPH-regenerating system comprising 
of 2 mw-NADP, 10 mM-D-glucose-6-phosphate and 8 units-D-gIucose.-6-phospliate dehydrogenase 
and 10 juCi of (G-®H)-benzo(a)pyrene in 2 jul benzene (specific activity was 24 Ci mM“  ^and 5 mCi 
cm-®). Incubation was for 2.5 h at 310 K after which time the metabolites were extracted twice 
with 5 cm® ice-cold ethyl acetate which was filtered through a 5 pm  Millipore filter and rotary 
evaporated to dryness, the residue being redissolved in 50 /d acetone. This extract was then applied 
to a Phase Separations ODS column in a Laboratory Data Corporation high-pressure liquid 
chromatograph. Metabolites were eluted with a methanol/water gradient linear from 50/50 to 80/20 
in 50 min, the flow rate was 1 cm® min-L Samples were collected every half minute in an LKB )
7000 fraction collector and counted in a Packard Tri-Carb scintillation spectrometer using toluene/ |
metapol (2:1) scintillant containing 0.5% PPO and 0.02% dimethyl POPOP. The column was |
calibrated with unlabelled standards run simultaneously and detected by absorbance at 254 nm j
by means of a u.v. detector (see Figure 1),  ^ |
■ i-2.4. Materials |
(G-®H)-benzo(a)pyrene was obtained from the Radiochemical Centre, Amersham, Buckingham- !
shire. II3. Results and discussion |
Growth of yeast in the presence of benzo(a)pyrene changes the composition of the mixture of !
isoenzymes produced in that it induces a form of the enzyme with higher affinity (lower Km) for I
benz6(a)pyrene. We observed earlier an induction with 3-methylcholanthrene, associated with ;
cytochrome P-448, that showed the characteristic increased O-de-ethylation o f 7-ethoxyresorufin |
(A. Wiseman and J. Gondal, unpublished work). |
The method described for measuring the production of the fluorescent metabolite, 3-hydroxy- j
benzo(a)pyrene was used to compare the Michaelis constants (Km) of the enzyme from yeast |
pretreated with either sodium phenobarbitone or benzo(a)pyrene. As can be seen from Table 1, j
pretreatment of yeast with sodium phenobarbitone had no significant effect on the Km for either |
NADPH- or cumene hydroperoxide-catalysed hydroxylation. Pretreatment with benzo(a)pyrene 
itself however caused a marked decrease in the TCm as might be expected. Tabled shows this decrease }
in /fm after induction with benzo(a)pyrene only, which is observed with either cofactor. As with !'
322 A. Wîseman ami L . F. J . W oods
0.03
0,02
alu
0.01
20 30 40 50 60 ro
2 0 0 0 r(b )
I 500
I^ 1000
I
500
20 . 30 5040 60 70
Time (min)
Figure I . High-pressure liquid chromatography o f  the benzo(a)pyrene metabolites from control yeast, (a)» 
£254 nm o f  unlabeited standards: (i) 9,l6-dihydrod.iol; (ii) 4,5-dihydrodiol; (iii), ,7,Ç-dihÿdrodioî; (iv) 9-hydrô.xy- 
benzo(a)pyrene; (v) 3‘hydro.xybenzo(a)pyrene; (vt) benzo(a)pyrene. (b). The labelled rrietabolites produced by 
incubation with yeast 5000 g  sugernatanl; (vii) quinone; (viiî) unknown. For method see section 2. ,
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the pretreatment of animals, the exposure of the yeast to benzo(a)pyrene is likely to increase the 
contribution of the cytochrome P-448 form of the enzyme known to activate the carcinogen in the 
body. Indeed the yeast enzyme (induced or uninduced) in its production of mainly the 7,8-dihydro­
diol displays a predominantly P-448 activity and it displays a useful affinity for benzo(a)pyrene. 
(see Table 1). Cytochrome P-450 activity is associated with the production, in a detoxication 
mechanism, of mainly the 4,5-dihydrodiol, and it is this form of the enzyme that is induced by 
pretreatment of animals with sodium phenobarbitone. The inability of phenobarbitone to affect 
benzo(a)pyrene metabolism has been reported previously in the rat. '^® In these experiments 
benzo(a)pyrene pretreatment increased benzofa)pyrene hydroxylase activity and cytochrome 
P-448 v/as formed.
Table 1. Michaelis constants (mM) for the NAD1‘H- and 
ciimenehydroperoxide-catalysed hydroxylation o f  bcnzo(a)- 
pyrene by yeast. For method see section 2
Cofactors
Cumene
Pretreatrnent N A D PH hydroperoxide
Control 0 .5 2 2 .70
Sodium phenobarbitone 0 .5 0 2 .80
Benzo(a)pyrene 0 .1 6 0 .36
Figure 1 shows the results of a high-pressure liquid chromatographic separation of the benzo(a)- 
pyrene metabolites produced by yeast 5000 g  supernatant obtained from control yeast, compared 
with standards run at the same time. The major metabolites produced were 7,8-dihydro-7,8- 
dihydroxy-benzo(a)pyrene (7,8-dihydrodiol), 9-hydroxybenzo(a)pyrene, 3-hydroxybenzo(a)pyrene, 
a quinone and an unidentified metabolite. Similar results were obtained in a preliminary investiga­
tion using thin-layer chromatography in benzene-ethanol (9:1).
These results are similar to those obtained with mammalian systems i.e. rat liver, with the 
exception of the dihydrodiols. In the rat the 4,5-, 7,8- and 9,10-dihydrodiols are formed by liver 
homogenates or microsomes from normal animals and the 7,8- and 9,10-dihydrodiols are formed 
from animals pretreated with 3-methylcholanthrene.i® In short-term organ cultures of hamster 
lung, benzo(a)pyren'? is metabolised to the 9,10- and 7;8-dihyd.odiois and benzo(a)pyren-3-yl 
hydrogen sulphate with little or no 3-hydroxybenzo(a)pyrene or 4,5-dihydrodibl being formed.ii 
However it would seem that it is the formation of the 7,8-dihydrodiol which is significant since 
this is further metabolised in cells in culture or in model systems in vitro to give the 7,8-dihydro- 
7,B-dihydroxybenzo(a)pyrene-9,10-oxide and this diol-epoxide reacts directly with DNA.^^ However, 
experiments in which i ‘^ C-benzo(a)pyrene was incubated with suspensions o f plant cells from 
Chenopocliitm ritbntm showed that plant cells produce more polar metabolites than liver microsomes, 
those metabolites which were identified were benzo(a)pyrene-3,6-quinone, benzo(a)pyrene-l,6- 
quinone and 9,10-dihydro-9,10-dihydroxybenzo(a)pyrene, no 7,8-dihydrodiol was formed.^®
Pretreatment of yeast with sodium phenobarbitone or benzo(a)pyrene did not have any effect 
on the relative amount of the 7,8-dihydrodiol formed, these results are similar to those of Holder 
et ah^ '^  in which there were no significant differences in the metabolic profiles or in the total con­
versions after 3-methylcholanthrene-pretreatment of ‘non-responsive’ mice. The major dihydro- 
diol formed was the 7,8-dihydrodiol.
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